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The success of the 2 year project in Lolo Creek, was made possible by the
team effort provided by everyone involved in the project. However, a few
special people deserve acknowledgement.We would like to say thanks to our
friend and crew leader, Bob Vogelsang.We would like to thank Paul Brouha,
for his continued support, first from the R1 Regional Office and now from
the Chief 's Office in Washington D.C.Ray Coon, owner of our contract
heavy equipment and the equipment operator,     Wendell Osborne, also deserve a
thank you for a job well done.

A special thanks again goes to Larry Everson, BPA Contracting Officer, for
his encouragement, support, and insight throughout the project.

II. INTRODUCTION

In 1984, and under the auspices of the Northwest Power Planning Council,
the Clear-water National Forest and the Bonneville Power Administration
entered into a contractual agreement to improve anadromous fish habitat in
Lolo Creek. This was to be the second and final year of instream
enhancement work in Lolo Creek, a major tributary to the Clearwater River.
The project was again entitled Lolo Creek Habitat Improvement (#84-6) which
was scheduled from April 1, 1984, through March 31, 1985. Project costs
were not to exceed $39,109.

The following report is a description of the project objectives,
methodology, results, and conclusions of this year’s work, based on the
knowledge and experience gained through 2 years of enhancement work.

A. Project Objectives:

1. Primary Objectives: The primary objective was to partially
mitigate the juvenile and adult anadromous fish losses accrued through
hydroelectric development in the Columbia and Snake River systems by
enhancing the spawning and rearing habitats of selected Clearwater River
tributaries for spring chinook salmon and summer steelhead trout. The
enhancement was designed to ameliorate the “limiting production factors” by
the in-stream placement of habitat structures that would positively alter
the pool-riffle structure and increase the quality of over-winter habitat.

2. Lolo Creek Objectives:

habitat.
a. Enhance 40 to 60 acres of summer and winter rearing

habitat.
b. Enhance the quality of 10 to 14 acres of spawning



c. Increase the utilization and productive capability of
the habitat over a 12 mile reach.

habitat.
d. Increase the diversity (number of niches) of the rearing

e. During low escapement periods, increase the seeding
capability of the system by increasing the amount of hiding and escape
cover for adult spawners.

f. Increase the smolt production capability of the habitat
to a level that an annual increase of 4,000 steelhead and 10,000 salmon
smolts is realized within two escapement cycles and sustained thereafter.

B. Description of Project Area :

A complete and thorough description of the project area is presented in the
1983 Annual Report for the “Lolo Creek and Upper Lochsa Habitat Enhancement
Projects”, submitted to the Bonneville Power Administration by F. A.
Espinosa, Jr., 1984.

III. AND MATERIALS :

A. Basis for Treatment of Choice:

The 1983 annual report (Methods and Materials Section, page 16) discusses
the factors limiting the system’s inherent capability to produce fish, our
ability to enhance these factors, and the treatment of choice or
structure-type used to obtain the desired results.

B. Pre-implementation Phase :

The pre-implementation phase began much as it had in 1983, by first
attempting to identify reaches needing treatment and then deciding on the
appropriate treatment. Although this can be accomplished on aerial photos
it is best done in the field with “map in hand.” Due to the proximity of
the 100 and 103 roads to Lolo Creek, we were able to complete mapping the
treatment reaches by June 1, 1984.

Each reach was marked and the treatment to be applied recorded on 36 inch
surveyor stakes. Necessary project resources, such as boulder sources,
were also marked in this manner. By mid-June a working project map was
completed. Access points for heavy equipment were also mapped. The final
portion of this phase involved orientating the crew and other Forest
support personnel to the Fy 84 project.



. ..

.

On May 7, 1983, we began planting 2,000 bare-root aspen shoots obtained
from Native Plants Nursery in Sandy, Utah. Since we had constructed 40 log
weirs or K-dam structures in 1983, we planned to plant 100 shoots per
structure or 50 on each bank. A two person crew completed the work on May
25, 1984. The crew averaged 133 shoots per day. The total cost for this
was $3,600. The aspen were planted to prevent erosion, stabilize the site,
provide future shade and add quality deciduous debris to the system
(figures 1 and 2).

The Forest was allocated $5,000 for maintenance of last years structures.
Maintenance work involved both hand and equipment work and was carried out
in an orderly process coupled with the new construction. Table 1 lists the
type of maintenance problems we encountered and the cost of maintaining
these structures.

Sixteen percent of all the structures installed in Lolo Creek in 1983,
required some maintenance (Table 1). Eight percent of the structures
required major maintenance utilizing heavy equipment to correct the
situation and prevent further maintenance. Fifteen percent of all
structures required minor hand maintenance usually involving the wire on
the upstream side of a log structure. The average cost of maintenance was
$14O/structure. Maintenance costs ranged from $50 to $500 per structure
(Table 1). K-dams and log weirs required 100 percent of the maintenance.
These structure types involved 26 percent of the total structures installed
in 1983. Sixty-seven percent of the K-dams and 42 percent of the log weirs
required some maintenance (Table 1).



TABLE 1

Maintenance Conditions

K-dams 5 $250 Gravel washed out
of wing cribs.

2 $30 Wire settled in
at log-wire
junction.

Log Weirs 11

3

1

$100

$250

$500

$50

$250

$50

Wire peeled back
toward log from
upstream end
(Figure 3).

Bank erosion.
Water washing
around the end of
the log.

Complete dis-
placement of
structure from
site.

Wire settling
on upstream side
of the log.

Large debris
catching on log
and deflecting
flows into bank
(Figure 4).

Beaver const-
ructing dams on
structures.



Figures 1 and 2. Upper  photo shows crewman planting aspen shoots. Note
bucket full of shoots.Lower photo shows planted aspen shoots.
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Figures 3 and 4. Upper photo shows typical maintenance problem of wire
peel. Lower photo shows crawler backhoe resealing log weir.
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Figures 5 and 6. Upper photo shows backhoe filling in “high water wing”
added to existing log weir. Lower photo shows crew pinning “high water
wing" to log weir.



No  maintenance was required for:  root wads, boulder clusters, felled
organic debris, deflector logs, bank  cover devices, or lateral deflectors.
Appendix A is a project map showing those structures constructed in 1983,
which required maintenance. Figures 3 and 8 show  some of the maintenance
work.

2. 1984 Construction:

On June 18, 1984, the Lolo project for this year began. Our first job was
gathering cable of 9/16 inch diameter located at old cable logging
landings. Since we were going to treat a 1 mile reach with large organic
debris (tree over 24” DBH), we felt the larger cable was necessary to hold
these  felled trees during peak flows. We  gathered over 2,000 feet of cable
in 2 weeks. The crew then felled trees for log weirs, K-dams, and K-dam
wings. We were fortunate this year in that each site had a good supply of
trees, so that no hauling was necessary.

Next the crew felled and cabled large conifers in the debris reach.
Figures 9 and 17 show the technique used in felling and cabling these large
trees. Appendix B shows the site and species of the debris within the
reach. In all, 21 trees were felled and cabled (Figures 14 through 18).
We could have accomplished more, however, some stretches within the reach
were sparsely vegetated with riparian conifers and we felt it best to leave
them. The treatment reach lacked pools and was dominated by 95 percent
run, over large cobble-sized basalt. Trees were felled in the same manner
as described in the 1983 annual report (page 60).

The next phase of the project involved excavating and hauling large
boulders for weirs, boulder clusters and large single boulder placements.
Boulders were excavated and loaded with a Case-966 front-end loader and
hauled with a dual axle 12 yard dump truck. Over 250 boulders were
excavated, hauled, and dumped at the predetermined locations, during the
week of July 23-27. The 966 loader could not work while the dump truck was
hauling; we used a single operator for both pieces of equipment.

On August 6, 1984, we began maintenance work on the structures with the
Link Belt-4500 crawler backhoe. Concurrently, a second crew began
construction of bank cover devices. These overhead cover devices are a
modified version of those used in Wisconsin to restore deteriorated
streambanks (see Appendix C). Over a 4 week period 7 K-dams, 4 log weirs,
7 boulder weirs, 7 boulder clusters, 185 large boulders, 1 boulder
deflector, 7 root wads, 7 deflector logs, and 8 bank cover devices were
constructed or installed in Lolo Creek. In addition, 2 debris jams were
removed. Figures 18 through 59 illustrate this year’s activities.

Selection of logs for K-dams and log weirs, selection of boulders for
boulder clusters, and placement of root wads, boulders, boulder clusters,
and deflector logs as well as construction techniques are adequately



Figures 9 and 10. Upper photo shows cable attachment to log. Lower photo
shows technique of cabling prior to falling.



Figures 11 and 12. Upper photo shows crewman notching log to accept wing.
Lower photo shows crewman notching stump to accept cable.



Figures 13 and 14. Upper photo shows crewman walking on felled debris with
cable. Lower photo shows 1 felled tree and 1 tree falling in.



Figures
organic



described in the 1983 Annual Report (pages 34-60). The exception is the
improvements we have made in the design and construction of K-dams. These
improvements are designed to increase the longevity and eliminate costly
maintenance. Appendix D, Figures 18 and 19 show the improvements in design
made to eliminate the loss of rip-rap from the downstream cribs.

Construction of new structure types not included in the 1983 description
includes; overhead bank cover devices, boulder deflectors and weirs.
Figures 40 through 48 show the construction of the overhead bank over
devices l This modification of the streambank structure used in Wisconsin
is designed to stablize banks and to provide overhead cover. Each one was
constructed at a site where active bank cutting was evident, or an existing
undercut occurred.

By constructing some of the overhead cover devices against eroding banks
and rip-rapping the bank under the structure, the hydraulic energy that was
eroding the bank will be diverted to scouring a pool at the site. If no
pool forms, then a pool forming structure, such as a boulder or deflector
log, can be placed near the structure. By constructing the other bank
structures on an existing undercut bank within meanders, the undercut
effect was extended.

The single boulder deflector is similar to a log deflector in function.
Seven large boulders keyed into a talus stream bank were placed
side-to-side into the stream at a 35 degree angle. A small pool and gravel
bar exist off the point of the deflector some 35 feet out from the bank.

A total of 7 boulder weirs were constructed. Boulder weirs perform the
same function as log weirs except that no bank disturbance is required.
Both straight and v-shaped weirs were constructed. Boulder weirs were used
where pool formation was desirable but bank disturbance was undesirable or
impractical. Figures 49 and 50 show typical boulder weirs.

Two large debris jams causing excessive ponding and tremendous sediment
deposition were removed with the crawler backhoe. The braided side
channels created by these jams were preserved as well as their water
supply. Figures 51 through 55 show the activities associated with removing
these jams.

One very large K-dam was constructed (map #50, Appendix E). This log was a
42 inch DBH western white pine, spanning the channel 90 feet from wetted
edge to wetted edge. The large size was necessary to withstand the force
of high flows in this reach. Figures 56 through 59 illustrate this
structure.

D. Post-Construction Phase :

The post construction phase in Lolo Creek ended on September 28, 1984. For
the remainder of the work period, the crew worked on restoration of
disturbed sites created by project activities. These sites included
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Figures 18 and 19. Upper and lower photo show completed K-dams and
modified wing supports.
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Figure 26. Upper photo show crewman working on wing supports. Note size
of materials.
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Figures 27 and 28. Upper photo shows crewman pinning wing support. Lower
photo shows crewman cutting notch to accept wing support.



Figures 31 and 32. Upper and lower photos show backhoe moving white pine
stump into place.

23



Figures 33 and 34. Upper photo shows backhoe positioning cedar stump.
Lower photo shows backhoe and nearly completed boulder reach.



Figures 35 and 36. Upper and lower photos show backhoe working on large
boulder reaches, in Lolo Creek.



Figures 36 and 37. Upper and lower photos show backhoe working on large
boulder reaches.



Figures 38 and 39. Upper and lower photos show completed boulder reaches.



Figures 40 and 41. Upper and lower photos shows typical sites for overhead
cover devices, in Lolo Creek.



Figures 42 and 43. Upper and lower photos show the emerging support
structure for the overhead cover device. Note rip-rap on bank.



Figures 44 and 45. Upper and lower photos show the planking (2" x 10"
10') used on overhead cover devices.

X



Figure 46.
native sod.

Photo shows planking covered with a layer of gravel topped with
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Figures 47 and 48. Upper and lower photos show completed overhead cover
devices.



access, egress, and travel routes for the backhoe, boulder excavation,
riparian zone,and stream bank disturbances at structure sites.      These
areas were water barred, seeded or both. We plan to continue the
successful phase of spring aspen planting at log weir and K-dam sites.

Iv. RESULTS AND DISCUSSION:

A. 1984 Project:

A total reach distance of 11 miles (extensive perspective, “area of
influence”) was enhanced with the construction and placement of 258 habitat
structures. The actual stream distance treated with structures (intensive
perspective,“non-treated” reaches excluded) equalled 3.9 miles.      The
average number of structures per unit distance was 23/mile (1 structure
every 70M), of overall reach distance or 66/mile (1 structure every 24M) of
actual distance treated.A map displaying the types, distribution, and
concentration of structures is presented in Appendix E.

Sixty-five percent of the total project activity this year (168 structures)
was concentrated in the reach below White Creek (5.75 miles), whereas 35
percent was in the 5.25 miles above White Creek (Appendix EL The low
density of structures in the upper section was due to the 1983-1984
emphasis. Activity (69%) in 1983, was concentrated above White Creek so
that this area was “filled-in” in 1984.In 1983, the section below White
Creek was lightly treated or delayed to 1984. A categorization of total
project activity in 1984 is presented in Table II along with the number of
structures by type and the enhancement effects.     Perusal of Table II
indicates structures that create “pocket water”, create pools and enhance
cover were featured (74% of all structures.   Significant secondary effects
include channel scouring and recovery of stream banks.

K-dams and log weirs were concentrated in 2 reaches (7 out of 11
structures), the other 4 were widely spaced in the the reach above White
Creek or used as a main pool forming structure in conjunction with other
structure types. Single boulder weirs were used singly twice and in 2 main
reaches, one with 2 boulder weirs, the other with 3 weirs.     Those reaches
treated with log weirs averaged 4 structures per reach over a mean distance
of 1/2 mile.

Seven reaches were treated with a combination of large boulders and/or
boulder clusters, ranging from 3 (l-cluster) to 52 with a mean of 20 per
reach. Reach length ranged from 50 to 500 feet with a mean of 200 feet.

Boulder deflectors, root wads, deflector logs, and overhead bank cover
devices were used singly or within reaches containing other structures or
the specific site requirements for their installation.



Two debris jams were removed. However, the side channels created by these
jams were maintained.

The organic debris reach was treated with 21 trees (refer to Appendix B).
This reach was 1 mile long for an average distance between felled trees of
251 feet.

The contractual agreement with BPA called for a minimum of 120 structures.
We exceeded this goal by 115 percent or 138 structures. This was made
possible by the emphasis on boulders this year, which were easily obtained
and installed. Other time-efficient and cost-effective measures were
discussed in the 1983 annual report (page 66). Table IV displays the cost
analysis of the 1984 project.

B. Results of the Total In-stream Structural Enhancement (1983-84):

A total of 11 miles of Lolo Creek was intensively treated over the 2 year
period. A grand total of 392 structures were constructed or placed in Lolo
Creek (refer to Appendix F for specifics).

Scrutiny of Table III reveals that structures creating “pocket water” were
emphasized (63%). Pool formation structures were the next highest emphasis
at 25 precent and cover enhancement structures next at 12 percent.
Treatment emphasis was correlated to the pretreatment pool:riffle ratio of
23:77. Boulder placements were used to enhance continuous riffle reaches.

In essence, the primary objectives of this enhancement project were to more
favorably alter the pool:riffle structure and increase the diversity
(quality) of the habitat. In our opinion, we have achieved those
objectives via our enhancement design for Lolo Creek.

Overall we contracted for 216 structures and we completed 392. Table V
displays the cost analysis for the entire project.

C. Monitoring of  1983 Enhancement: :

On July 30 and August 29, 1984, Forest Service biologists conducted some
limited evaluation of the habitat structures that were installed in 1983.
The evaluation consisted of population sampling of enhanced and nonenhanced
habitats via snorkel diving. Ten pools (upstream and downstream) formed by
log weirs, two reaches of boulder clusters, and four control reaches
(nonenhanced) were sampled. Sampling units and controls were not randomly
selected, but were representative of the type of enhancement work
conducted in 1983. Control units were selected within the same overall
stream reach and were typical of habitat that the project would have
enhanced. Because of time constraints, no
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Figures 51 and 52. Upper and lower photos show the 2 debris jams removed
in 1984.

36





Figure 55.
from site.

Photo shows site after jam removal. Note sand dunes upstream
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Figures 56 and 57. Upper and lower photos show backhoe working on large
log weir.





When the summary data are stratified by sampling period and structure-type,
some interesting comparisons are revealed. In late July, weir- pools
displayed a chinook density of 12/1OOm as opposed to 4/1OOm for the
nonenhanced habitat (300 percent increase). This increase was not
reflective of combined juvenile steelhead---i.e. "E" = 9/100m2 vs "NE" =
10/100m2. However, there was a 180 percent increase in Age 2+ steelhead
when comparing enhanced vs nonenhanced. This would be expected as we are
dealing with a larger fish that would require more “classical” pool
habitat. Salmonid fry densities were low in all sample units, therefore,
differences were insignificant.

Sampling of boulder clusters revealed juvenile chinook densities similar to
those observed in weir pools: 12/100m2 for weir pools vs 11/100m2 for
boulders. Total juvenile steelhead did show a substantial difference
between structure-types: 9/100m2 for weir pools vs 16/100m2 for boulders.
This also is expected since steelhead seem to prefer the "pocket water"
habitat that boulder clusters create. Although not directly comparable,
densities of salmon and steelhead were much higher in the boulder reaches
vs the controls (salmon = 300 percent and steelhead = 160 percent). A
summary comparison for the July period shows density ratios of salmon and
steelhead in enhanced vs nonenhanced habitats as 31 and 1.2:1
respectively.

In late August and at different sites, densities of juvenile salmon and
steelhead were very similar in en
habitats: "E", chinook

hanced
= 22/100m2

(weir pools) vs nonenhanced
vs. "NE", 24/100m2 and "E", steelhead =

5/100m2 vs "NE", 6/100m2.

Comparison of July and August data has provided some mixed results. The
sampling was limited in scope and intensity. This data may only serve as a
comparative adjunct to the more intensive and comprehensive effort
conducted by the State evaluation team. Data collected and analyzed by the
evaluation team indicated a signif icant (300 percent) increase in Age 2+
steelhead density in log weir pools vs. controls (Petroskey, pers. comm.,
1984). Albeit limited, our data (July) suggests that the same relationship
(300 percent increase) may exist for juvenile chinook in log weir pools.
In any case, adequate evaluation of the project will require a minimum
effort of 5 years.
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1983-1984 Instream Enhancement

1. In FY 1983, Phase I of the Lolo Creek Project was Initiated and
Completed.

a. The project (#83-522) was funded at $27,000.

b. One-hundred percent of the budget was expended in executing the
project.

c. A total of 145 structures were placed in Lolo Creek at an average
cost of $186/structure.

d. Eighty-seven percent of the structures were designed to improve
pool frequency and quality.

e. A total stream distance of 8.5 miles was enhanced with emphasis on
the 5.25 miles above White Creek.

2. In FY 1984, Phase II of the Lolo Creek Project was Initiated and 
Completed.

a. The project (#84-6) was funded at $39,109, plus $5,000 for
maintenance of 1983 structures.

b. One-hundred percent of the budget was expended in executing the
project.

c. A total of 258 structures were placed in Lolo Creek at an average
cost of $152/structures.

d. Seventy-four percent of the structures were designed to create
"pocket water" and enhance cover.

e. A total stream distance of 11 miles was treated with emphasis on
the 5.75 miles below White Creek.

3. A total stream distance of 11 miles in Lolo Creek was intensively
enhanced over a 2 year period with a total of 392 structures constructed or
installed.
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a. Average distance between structures for the 11 miles was 168 feet.

b. Average cost per structure over the 2 year period was $169.

Structures which diversified long riffle/run reaches by adding
“pocket water” pools were emphasized (63% of all structures).

d. The structures were targeted at enhancing the baseline pool/riffle
ratio of 23:77 to a more "classic" 40:60 to 50:50 ratio. The degree of
enhancement equates to 50 acres of summer/winter rearing habitats and 12
acres of spawning habitat.

4. In our opinion we have increased the diversity, utilization, and
production capability of Lolo’s fish habitat with this project.

a. Preliminary evaluations by biologists from both the Idaho
Department of Fish and Game and biologists on the Clearwater National
Forest show that juvenile chinook and age 2+ steelhead, prefer the enhanced
habitat of log weir pools.

b. Whether or not we achieve the estimated increase in salmon and
steelhead smolt production (10,000 chinook and 4,000 steelhead) is a matter
for evaluation by the Idaho Department of Fish and Game and the Bonneville
Power Administration.

5. We feel that the 1984 project was even more successful than the 1983
project. Numerous groups of resource people have viewed the Lolo Creek
project, both inter- and intra-agency personnel. For the most part we have
received only positive responses during these reviews.

6. In September 1984, adult spawning spring chinook salmon were seen
utilizing the spawning habitat created and enhanced by the structures.
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V. APPENDICES:

Appendix A Map of structures requiring maintenance.

Appendix B Distribution of felled large organic debris.

Appendix C Classic (Wisconsin type) bank cover device.

Appendix D K-dam wing joint and crib reinforcement improvements.

Appendix E 1984 project map.

Appendix F 1983-1984 combined project map.

Appendix G Explanation of yearly map totals and final map total
(differences).



Table II

Types of habitat structures, number per type, and probable enhancement
effects of structures placed in Lolo Creek, Idaho (1984).

K-dams 7

Log weirs 4

Boulder weirs 7

Individual Boulder Clusters 4

Single large boulders 5

Boulder Reaches 183
(large boulders and clusters)

Boulder Deflector 1

Cedar Root Wads 7

Organic Deflector Logs 7

Rank Cover Devices 8

Large Anchored Organic Debris 73

TOTAL 258

Pr&,aUe Wfect

Pool formation and sediment
reduction.

Pool formation and sediment
reduction.

Pool formation and sediment
reduction.

“Pocket water”! pool formation cover
enhancement and sediment reduction.

“Pocket water” pool formation cover
enhancement and sediment reduction.

“Pocket water” pool formation cover
enhancement and sediment reduction.

Pool formation, sediment reduction,
gravel bar maintenance and cover
enhancement.

Cover enhancement and pool
formation.

Pool formation, sediment reduction
and cover enhancement.

Cover enhancement and bank
stabilization.

Pool formation, sediment reduction
and cover enhancement.
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Table III

Total (1983-84) types of habitat structures, number per type, and probable
enhancement effects of structures placed in Lolo Creek, Idaho.

K-dam 16

Log Weirs 30

3cr(>3er Weirs 7

!3cUder Clusters 9

Botilder Deflector 1

Cedsr Root Wads 21

Lateral Deflector Logs 14

Poisl Construct ion 1

Bank Cover Devices 12

Dewis Jam Removal 3

Large Anchored Grganic Debris 42

Large Individual Bculders 185

Boulder Reaches A.

Pool formation and sediment
reduction.

Pool formation and sediment
reduction.

Pool formation and sediment
reduction.

“Pocket water” , pool formation,
cover enhancement and sediment
reduction.

Pool formation, sediment
reduction, gravel bar nain-
tenance, and cover enhancement

Cover enhancement and pool
formation.

Cover enhancement and pool
formation.

Pool Format ion

Cover enhancement and bank
stabilization.

Sediment reduction and bank
stabilization.

Pool formation, cover enhance-
ment and sediment reduction.

“Pocket water” , pool formation,
sediment reduction and cover
enhancement.

“Pocket water”, cover enhancement,
pool formation, and sediment
reduction.

TOTAL 392
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Table IV

Project costs per unit structure type for habitat enhancement in Lolo
Creek, Idaho ( WW.

Structure TYB

K-dam (completed)

K-dam (modified) reduced wing structure $900

Log Weir $390

Boulder Clusters $25
(x 2.5 boulders/cluster > ($10 per rock)

Large Individual Boulders $10

Large Anchored Organic Debris $48

Anchored Deflector Logs (near channel) $32

Boulder Weirs $200

Boulder Deflectors

Root Wads

$130

$60

Bank Cover Devices (Labor Intensive) $1065

Debris Jam Removal (Equipment Intensive) $826
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Table V

Total project costs (1983-84 combined) per unit structure type for habitat
enhancement in Lolo Creek, Idaho.

Structure Type

K-dam (complete) $1250

K-dam (modified) reduced wing structure $800

Log Weir $370

Boulder Clusters
(x 2.5 boulders/cluster)

$38
($17/rock)

Large Individual Boulders $16

Large Organic Debris $52

Anchored Deflector Logs $30

Boulder Weirs $220

Boulder Deflectors $130

Lateral Log Deflectors $90

Bank Cover Devices (labor intensive) $880

Debris Jam Removal (equipment intensive) $826

Pool Construction $10

Root Wads $44
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v. APPENDICES:

Appendix A Map of structures requiring maintenance.

Appendix B Distribution of felled large organic debris.

Appendix C Classic (Wisconsin type) bank cover device. .

Appendix D K-dam wing joint and crib reinforcement improvements.

Appendix E 1984 project map.

Appendix F 1983-1984 combined project map.

Appendix G Explanation of yearly map totals and final map total
(differences).
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S T R U C T U R E S
R E Q U I R I N G

M A I N T E N A N C E



LARGE ORGANIC DEBRIS

DF - Douglas Fir.
GF - Grand Fir.
C - Cedar.
S - Spruce.
WP - White Pine.

F I G U R E  -



CLASSIC WISCONSON BANKCOVER DEVICE APPENDIX C

Steps in the construc-
tion of a bank cover
--wing device. (After
the design developed
by Robert B. Heding
and co-workers.) The
series of photographs
on the opposite page
illustrate these steps.



 K -dam Cr ib  Rein forcement .  

M a i n
-- Log

s t r e a m
f l o w



APPENDIX D

 K - D a m  W i n g  C o n s t r u c t i o n  
Down Stream View

MAIN  LOG

FIGURE-3







Appendix G

Totals and

Map Total

A. 1983 map shows 145 structures.

B. 1984 map shows 258 structures.

c. (145 + 258) = 403 structures.

D. Combined 1983-84 shows 392 structures or a difference of 11 structures.

1. We lost 2 root wads from 1 K-dam site hot cabled).

2. We removed 1 non-functioning log weir.

3. An error was noted on the 1984 map, structures #3 and #4 are the
same (double count).

4. Debris jam removal 13 did not appear on 1983 map.

5. The remainder of the differences lies in the way the boulder
reaches, boulder clusters, and large individual boulders were counted. We
feel that after 2 years experience the 1983-84 combined method is the best
way to count these structures.



Eldorado Creek Fish Passage

Annual Report

BY

Wally Murphy
District Biologist

Pierce Ranger District
Clearwater National Forest

Al. Espinosa Jr., Project Leader
Forest Fisheries Biologist
Clearwater National Forest

Funded By
The Bonneville Power Administration

Division of Fish and Wildlife

November 20, 1984

Modification M001 to Agreement
DE-A179-84BP16536

Project 84-6



I. ACKNOWLEDGEMENTS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

II. INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

A. Project Objectives  . . . . . . . . . . . . . . . . . . . . . . .        1

B. Description of Project Area. . . . . . . . . . . . . . . . . . 2

III. METHODS AND MATERIALS. . . . . . . . . . . . . . . . . . . . . .  10

IV. RESULTS AND DISCUSSION. . . . . . . . . . . . . . . . . . . . . . . . . 12

v. SUMMARY AND RECOMMENDATIONS . . . . . . . . . . . . . . . . . . . . . . . 16

VI. APPENDICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24



I. ACKNOWLEDGEMENTS:

We wouLd like to thank the following people for their hard work and
professional guidance during this project.

Bob Vogelsang - Crew Leader
Bill Wells Certified Blaster
Dr. John Orsborn - Fish Passage Consultant
Larry Everson  - BPA Contracting Officer
Hudson Mann Fisheries Technician

II. INTRODUCTION:

In 1984, and under the auspices of the Northwest Power Act, the Clearwater
National Forest and the Bonneville Power Administration entered into a
contractual agreement to improve anadromous fish habitat in two main
tributaries to the Cleatwater River, in Idaho. The project was titled “Lolo
Creek and Lochsa River Habitat Improvement, "Project Number 84-6 and Agreement
Number DE-A179-4BP-16535. Effective July 1, 1984, the agreement was modified
to include the “Eldorado Creek Fish Passage” project, modification number
M001. Total funding for the project was $17,668. The project called for
modifying 4 rock fails barriers to allow anadromous fish passage during both
high and low flows.

The following report is a description of the project objectives, methodologies,
baseline conditions, activities, results, and conclusions.

A. Project Objectives:

The primary objective of the project was to partially mitigate the juvenile and
adult anadromous fish losses accrued through hydroelectric development in the
Columbia and Snake River by enhancing or making available the spawning and
rearing habitats of selected Cleat-water River tributaries for spring chinook
salmon and steelhead trout. The removal of fish passage barriers was designed
to make available historic spawning and rearing habitats and reestablish
historic runs of anadromous fish.

dorado Creek Objectives:

1. Modify the 4 existing barriers to anadromous fish migration so
that unimpeded fish passage will be possible during both high and low flows.

2. Make available 2 acres of spawning and 40 to 50 acres of rearing
habitats to spring chinook salmon and summer steelhead trout.

3. Reestablish the historic run of anadromous fish in Eldorado Creek.
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ado Creek

Eldorado Creek is a 6th order tributary of Lolo Creek, flowing northwest for 18. .miles, draining a total of 48 square miles. Average width, depth, and gradient
are respectively 29.7 feet, 1.5 feet, and 1.4 percent. The pool/riffle ratio
averages 15:85. Cobble embeddedness averages 50 percent over the system.
Elevation in the watershed ranges from 5,480 feet So 2,850 feet. Presently the
system provides approximately 2 acres of anadromous fish rearing habitat.
Major tributaries to Eldorado Creek include; Trout, Fan, Lunch, Q-Bit, 6-Bit,
Austin, Dollar, and Cedar Creeks.

For a complete description of the Clearwater National Forest and the Lolo Creek
system, refer to the 1983 Annual BPA Project Report - The Lolo Creek and Upper
Lochsa Habitat     Enhancement Projects - #83-522, by Al Espinoza, Jr.

Four barriers to anadromous fish migration have been identified in lower
Eldorado Creek. All 4 of the sites occurred within a l/4 mile reach with the
lower site located l/2 mile from the mouth of Eldorado Creek. With minor
excepti on for some extraordinary steelhead, the barriers completely prohibit
salmon and steelhead from reaching upstream habitats.

er 1 the first migration barrier,
mouth of Eldorado Creek,

proceeding upstream from the
was formed by a large basalt sheet. This sheet

covered the entire width of the stream and was approximately 86 feet long. A
crest at the upstream end spreads the water over the basalt sheet for
approximately 60 feet, at an average gradient of 8 percent. The last 20 feet
was a steep drop (40 percent gradient) to the toe of the basalt sheet. Please
refer to the Project Area Map for location and Figures 1 through 5 for
photographs of the barrier.

ite Number 2 was formed by two large basalt outcrops which pinched the
channel to the right bank, looking upstream; refer to Figure 7, a photograph of
the barrier. The upper basalt outcrop forced 90 percent of the water to the
right bank where it fell 5 feet over a high velocity falls to a pool at the
apex of the second basalt outcrop. The second outcrop forced the water into a
high velocity trough some three feet wide and 20 feet long with a gradient of
15 percent. The end of the trough was approximately 75 feet from the crest of
Site Number 1, refer to Project Area Map for location of Site Number 2.

Site Number 3 is known as Eldorado Falls. Here the water falls for 28 feet
at a 35 percent gradient. The fails occupies the entire width of the channel,
refer to Figures 8 through 12. A large plunge pool, 25 feet wide and 45 feet
long, was created by the falls. The water leaves the plunge pool at right
angles to the falls, from the right side facing upstream.



Figures 1 and 2: Upper and Lower photos show barrier #1 prior to treatment.





Figure 5: Photo shows barrier #1 prior to treatment.



Figures 6 and 7: Upper and Lower photos show barrier #2 prior to treatment.



Figures 8 and 9: Upper and Lower photos show Eldorado falls, barrier #3 prior
to treatment.



Figures 10 and 11:
to treatment.

Upper and Lower photo show Eldorado Falls, barrier #3 prior



~ Figure 12: Photo shows Eldorado Falls barrier #3 prior to treatment.



Powers (1984) discussed the geometry of this barrier, in his study of new
methods for migration barriers. Figure 1, page 5 in Appendix C, shows the
leaping capability of steelhead trout in relation to the falls profile. He
postulated that only under the best conditions would spawning steelhead be able
to execute a successful jump. Refer to Appendix B for location of Site Number
3.

Site Number 4 was formed during the construction of Clearwater Forest road
number 500, the Lolo Motorway/Lewis and Clark Trail.
of the road bed blocked the channel.

Rip-rap fill for support
The result was a dispersal of water and a

12 foot vertical barrier with no pool at the bottom, refer to Figures 13 and
14. Two large rocks formed a ‘V’ through which the largest volume of water
fell and splashed on more rip-rap. This site was the only change from the days
when Lewis and Clark observed spawning steelhead in the upper reaches near
Dollar Creek. This migration barrier was created in the mid-1950's, refer to
Figures 13 and 14. The rip-rap extends from the creek bottom 50 feet up to the
road bed at a gradient of approximately 80 percent. This barrier was the most
critical of the series as it stopped salmon and steelhead from upstream passage
at all flow regimes.

III. METHODS AND MATERIALS:

With the identification of the 4 migration barriers completed, the first step
was to analyze the barriers and formulate a plan for treatment. To accomplish
this, we hired Dr. John F. Orsborn, a Hydraulic Engineer and a Fish Passage
Consultant from Washington State University at Pullman. A copy of his analysis
and plan is presented in Appendix C. Essentially, Dr. Orsborn recommended
blasting a series of pools with sills to allow for passage at both high and low
flows for ail four barriers (Appendix C).

Pre-Implementation Phase

On September 1, 1984, we began organizing the project. A certified blaster,
Bill Wells, was borrowed from the Kelly Creek District. We also borrowed a
Pionjar rock drill and bits, along with several cases of dynamite (60%),
blasting caps, primer cord and a blasting box. A Calvanometer was used to
check the continuity of the electric lines. Channel profiles were run on
barriers 1, 2, and 3.

The next step involved the briefing of the crew on the plan and necessary
safety measures.
the 500 road.

Safety was especially important since we were working along

Implementation Phase

On September 4, 1984, we began treatment of barrier #4. The design pool was
measured and using the Pionjar drill, numerous holes were drilled for each
pool, the charges were set and blasted individually. This allowed an
evaluation of the results prior to blasting the next pool.
blasting the granite rip-rap at Site #4 took one day.

Drilling and

10



Figures 13 and 14 : Upper and Lower photos show barrier #4 prior to treatment.



On September 5, we began working on Site #3, Eldorado Falls. We soon learned
that drilling and blasting in basalt was quite different from granite. The
existing layers separated by fractures,
larger than measured were blasted.

caused the drill to stick, and pools
The fractured rock also absorbed the shock

so that the blasted materials remained in the pool. This material had to be
removed by hand. The same problems were encountered while drilling and
blasting Sites #l and #2. Due to the steep gradient of the face of Eldorado
Fails, it was impossible to stand on the falls and drill the holes, even when
tied-off to a tree on the bank.
the barriers.

Figures 15 through 20 show the crew working on
On Spetember 14, 1984, the last pool was blasted at Site #l. We

spent 1 week cleaning the fractured rock from the blasted pools.

Upon cleaning the pOOiS, it became obvious that some pool depths were not
adequate at all the sites. To remedy this, rock berms were constructed to
raise the water level in the pools. Rock berms were constructed at the
follo;Jing pools: Site Wl; pools B, C, and D,: Site #; pools B and C: Site #3 ;
pool B: and Site #4; pools B and C. Refer to Appendix D through C.

Iv. RESULTS AYD DISCUSSXli!:

Sites Number 1, 2, and 4, were treated according to Dr. Orsborn’s pian. Site
Number 3 was not, due to the difficulty encountered in drilling on the face of
the falls.

Four pools were created at Site Number 1. Pool parameters are shown in
Appendix H, along with a schematic drawing of the results at Site Kumber 1, in
Appendix D. Mean depth, length, width, rock berms and juxtaposition are
shown. Refer to Figures 21 and 22, photographs of the results.

Four pools (A, B, C, and E) were created at Site Number 2. Pool D already
existed (Appendix E 1. Appendix E presents a schematic drawing of the juxta
position of the pools to each other and their arrangement in tne barrier, along
with several pool parameters. A compiete list of pool parameters is presented
in Appendix H. Figures 23 and 26 show the results at Site Number 2.

Dr. Orsborn’s pian called for creating 3 i>oOiS at Site ZJumber 3, Eidorado
Fails, and enhancing a fourth one. Ye created one pool at the site and
enhanced the other. The steepness of the face of the falls prevented our
creating more pools here. Appendix F shows a schematic drawing of the results
ac S1:e Iiumber 3 along with several pool paramters. A complete list of pool
pa :-a,32 ters is presented in Appendix H. Figures 27 through 30 show the results
at Site Ilunber 3.

Blasting of Site Yumber 4 was the most successful. The 12 foot waL was
destroyed and 3 pools were created in its piace. Appendix G shows a schematic
drawi ng of the results along with several pool parameters. A co;npete list of
pool parameters is presented in Appendix H. Figures 31 through 34 show the
results at Site :!uzber 4.
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Figures 15 and 16: Upper and Lower photos show crew working at barrier #3,
Eldorado Falls.
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Figures 17 and 18: Upper photo shows blaster Bill Wells with holes drilled and
primer cord in hand. Lower photo primer cord strung out with charges set.
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v.

Corrective act’Lms taken in 1984 at 4 rock barriers in Eldorado Creek have
facili+--d,ed upszream passage of chinook salmon and steelhead trout. Barrier
‘Jxib2r k Is considered essentially corrected and will require no further work
with ex$osives. Some pool berms at Site Number 4 r;:ay require additional
re IL *.A V.i *+vzzent with iarger substrate materiaLs. This site will be evaluated
after spring rcr,-off. If additional work is needed, heavy equipment will be
cxtrac:ed to zmplete the job.

TABLE I
Soecific Areas Neeu Further \!ork in 1985

‘6kc? Zlmber 1:

1. Pool A
2. Pool B
3. Pooi C
4. Pool D

Site Number 2:

1. Pool A
2. POOi B
3.   Pool C
4. Pooi D
5. Pool E

Site Hur?ber 3:

Increase depth and reduce drop
Increase length and depth
Adequate
Increase length and depth

Increase width, depth and drop
Increase depth
Increase depth
Irmease width
Increase width

Increase depth and lessen drop
Constr:Jct
3ptionai c3nstr~c:ic~
Adequate

Cc:*rectlon of pool berms ( pl acement of larger substrate
materials).

3 are considered partially corrected. Total correction

Corrective actions at Site Number 3 are considered incomplete. Those taken In
1983, were successful (Table I). Howev er ,
or 2 pools will be required

to totally correct this barrier, 1

C).
aiong with elimination of the spiash rock (Appendix
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Figures 21 and 22: Upper and Lower photos show the pools created at barrier
# 1.



Figures 23 and 24: Upper and Lower photos show pools created at barrier #3.
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Figures 25 aand 26: Upper and lower photos show pools created at barrier #3.



Figures 27 and 28: Upper photo shows entire falls with rock berms and pool.
Lower photo shows upper and lower pools.
barrier #3.

Note steep face of Eldorado Falls,



Figures 29 and 30: Upper photo shows upper pool and rock berm. Looter photo
1shows lower pool and rmX weir. Note rock weir already starting to catch

debris.
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Figures 31 and 32: U‘pper and lower photos shows the resui ts at barrier



Figures 33 and 34: Jpper and Lower photos show the results at barrier I%.



V I. APPF.:JDICES :

A. Vicinity Map

B. Project Area Map

C. Report by Fish Passage Consuitant, Dr. J. R. Orsborn

D. Schematic of Site !Jumber 1

E. Schematic of Site Number 2

F. Schernztic of Site Number 3

.-J.  Schematic of Site kmber 4

H. Pool Parameters
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:

1. Pool A(Upstream)

a. length
b. width
c. mean depth
d. vertical drop

to pool (B)

2. Pool B

6 ft. 9 ft. Adequate
8 ft. 6 ft. Inadequate

2-3 ft. 1.4 ft. Inadequate
2-3 ft. 5 ft. Inadequate

a. length
b. width
c. mean depth
d. vertical drop

to pool (C)

6-3 ft.
6-8 ft.

6 ft.
1-2 ft.

3. Pool C (Not designed)

a. length
b. width
c. mean depth
d. vertical drop

to pool (D)

0
0
0
0

4. Pool D (Natural condition-not treated)

a. length
b. width
c. mean depth
d. vertical drop

to pool (E)

0
0
0
0

5. Pool E (Not designed)

a. length
b. width
c. mean depth
d. vertical drop

to main channel

0 5 ft. Adequate
0 4 ft. inadequate
0 2.1 ft. Adequate
0 2 ft. Adequate

9 ft. Adequate
5 ft. Adequate
2.1 ft. Inadequate
2 ft. Adequate

4 ft. Adequate
4 ft. Adequate
1.1 ft. Inadequate
1 ft. Adequate

6 ft. Adequate
3 ft. Inadequate
4 ft. Adequate
2-3 ft. Adequate







A. :

1. Pool A (Upstream)

a. length
b. width
c. mean depth
d. vertical drop

to pool (C)

2. Pool B

a. length
b. width
c. mean depth
d. vertical drop

to pool  (C)

3. Pool C

a. length
b. width
c. mean depth
d. vertical drop

to pool (D)

4. Pool D

a. length
b. width
c. mean depth
d. vertical drop

to main channel

6-8 ft.
6 ft.
2 ft.

2-3 ft.

6-8 ft.
6 ft
2 ft.

2-3 ft.

6.5 ft. Adequate
8.5 ft. Adequate
0.75 ft. Inadequate
5.0 ft. Inadequate

5 ft.
6 ft.
1.3 ft.
2.5 ft.

Inadequate
Adequate
Inadequate
Adequate

6-8 ft. 9 ft. Adequate
6 ft. 6 ft. Adequate
2 ft. 1.6 ft. Adequate

2-3 ft. 1 ft. Adequate

6-8 ft. 5 ft. Inadequate
6 ft. 8 ft. Adequate
2 ft. 1.1 ft. Inadequate

2-3 ft. 1 ft Adequate





:

1. Pool A (Upstream)

a. length 6 ft.
b. width 7 ft.
c. mean depth 2 ft.
d. vertical drop 2-3 ft.

2. Pool #2 (Designed-Not treated)

a. length
b. width
c. mean depth
d. vertical drop

to pool (#1)

6 ft.
7 ft.
2 ft.

2-3 ft.

3. Pool #1 (Designed-Not treated)

a. length
b. width
c. mean depth
d. vertical drop

to main pool

6 ft.
7 ft.
2 ft.

2-3 ft.

4. Pool B

a. length
b. width
c. mean depth
d. vertical drop

5 ft. Inadequate
g ft. Adequate
1 ft. Inadequate
5-6 ft. Inadequate

0 To be treated
0 To be treated
0 To be treated
0 To be treated

To be treated
To be treated
To be treated
To be treated

0
0

4(+) ft.
2 ft.

20-25 ft.
35-40 ft.
4.5 ft.
2 ft.

Adequate
Adequate
Adequate
Adequate



1. Pool A (Upstream-
Not designed 1

a. length
b. width
c. mean depth
d. vertical drop

to pool (B)

2. Pool B (Not designed)

a. length
b. width
c. mean depth
d. vertical drop

to pool (C)

a. length
b. width
c. mean depth
d. Vertical drop

to pool (D)

0
0
0
0

0
0
0
0

9 ft. Adequate
8 ft. Adequate
1.2 ft. Adequate
3 ft. Adequate

5 ft.
4 ft.
0.4 ft.
2 ft.

Adequate
Inadequate
Inadequate
Adequate

6 ft. 6 ft. Adequate
6-8 ft. 4 ft. Inadequate

2 ft. 1.4 ft. Inadequate
2 ft. 2 ft. Adequate

4. Pool D (Natural not designed or treated)

a. length 0 8 ft.
b. width 0 6 ft.
c. mean depth 0 4 ft.
d. vertical drop 0 0 ft.

to main channel

Adequate
Adequate
Adequate
Adequate
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Crooked Fork Creek is one of the principal tributaries of the Lochsa River. It
contains the bulk of the remaining high quality spawning and rearing habitats
for anadromous fish on the Clearwater National Forest. It is estimated that 25
percent of the total chinook salmon and 25 percent of the total steelhead smolt
production of the Clearwater National Forest emanate from this drainage. The
long-term ability to restore anadromous fish runs to the upper Lochsa system is
dependent upon increasing the available spawning habitat in the Crooked Fork
Drainage.

Recent stream and habitat evaluation surveys established that several natural
waterfalls and rock chutes totally preclude upstream migration of spring
chinook salmon during late summer low flows. At some high flows, summer
steelhead are able to negotiate the barriers.

Seven major barriers and five partial barriersswere removed during the summer
of 1984. Deep cake-off pools and resting areas were created to increase fish
passage. Some of the barriers will have to be re-evaluated to determine if
additional blasting is needed to provide full passage.



Crooked Fork Creek is one of the principal tributaries of the Lochsa River. It
contains the bulk of the remaining high quality spawning and rearing habitats
for anadromous; fish on the Clearwater National Forest. It is estimated that 25
percent of the total chinook salmon and 25 percent of the total steelhead smolt
production of the Clearwater National Forest emanate from this drainage. The
long-term ability to restore anadromous fish runs to the upper Lochsa system is
dependent upon increasing the available spawnin g habitat in the Crooked Fork
D rainage ..

Recent s t r e a m  and habitat evaluation surveys established that several natural
waterfalls and rock chutes totally preclude upstream migration of spring
chinook salmon during late summer low flows (fig 1). At some high flows,
summer steelhead are able to negotiate the barriers. However, fish popuiaLiOn
surveys indicate that successful passage of steelhead is infrequent and of iou
~~a.~~itude, JuvenLie steelhead dens:ties are much lower above than beloss the
ba:b.-ieiqs. Tile oarriers were selectively J-;. Jlad and s!iot with explosives in a
4arme3.” that creates stair-step resting’ and take-off (jump) pools.

DESCRIPTIXI OF PROJECT /jJm

C.*ooi;ed Fo,-k and Utilte Sand Creeks reach confluence near Powell, Idaho (3,500
f’i. elevation) to form the Lochsa River (figs. 1 L 2). Crooked Fork Creek is
In r’act a small river drainin: approximately 93,000 acres of the BitterFoot
Hountaias and covering some 24 miles.

T!E C;-ooked Fork drains a variety of landforms that include glacial, valley
. t.*ains, steep byaakiands, colluvial drift slopes, and alluvial flood plains.

37eakiands and alluvial plains dominate the watershed. Granitic soils of the
Idaho 3a’;holith typify the -;eolol;y of the area. The stream flows through
dense, sixed coniferous stands or‘ westex -ed cedar, Douglas fi:-, Enz$enann
spruce, unite pine, ponderosa pine, and larch. A few deciduous species are
p:-esent wlehin the riparian zones.

C:-oa:ccd Fork has experienced extensive tiaber ha:-vestinrj and road construction ’
A’0 -- the past two decades. :lost of this activity ha s been concentrated in it’s
1 WC:- reaches and in r;he 3:w:hy Fo:-A mod:-ainaze. Impacts associated with
;edi&Jentation and oirer-~a:“.‘e3t~.3.‘; In :.a :*ipa.-ian zones have been moderate.
The upper zcac,ios of Croxcd PG.+ XC lightly developed and are in a pristine
condition.

The Crooked For:< YatcrL;.icd :; u;liie:- ;.le aanagsaenc cf cji:ted o:rnwship; the U.S.
Fo.-est Service 3.A Piilsl C.*zsL Tlr~.oz.- Company. Cpoo&d For.< i; ctiaractsrized by
a ch~ckcrboxd psttern :rxh P,K.I C.-cc;: ouni.ng sane 34,090 acres (235).







The P:-eject area is located approximtely two miles upstream from the
confluence of Boulder &eek (T. 38 IL, R. 14 E., sec. 14). The area is
accessrblc oniy by faot or helicopter. Within the project area, Crooked Fork
dFsp;a;rs a ~aan discharge of 221 c.f.3. durin.: steelhead spawning (April and
Ihy) 3xi 37 c.f.s. Ju:*ing the sainon spawning period (July 15 - Sept 15).
ci*OO:tt2d ?O?i: ;irOtJS a aean m-em width and depth of 26 feet and 0.7 feet
;-espcct: -Jeiy ( base I'iWdS). Within the project area, the creek had gradient
:~kh a xan OF 3.7 per-cent and range of 2.0 percent to 6.2 percent.

The x:-em subscrsce within the project a~a, consists of larger materials
(3edrocx 21%, Boulde? 26%, Rubble 41%). Above the project area, C.-ooi:ed Fork
cispia;ls a lower gradient and smaller su’ostrate materials which provide good
;ga:min.:  areas. Host of the Ciwooked Fork bamiers consfsts of long 15 to 30
i’t, steepiy inclined, granite rock apron-3 chat contain no jump pools or resting
d”e93.
3-L

At low f Lows, only a chin layer of water flows over the aprons (Fig.
Exxnsive raa:*lnz a.-eas for juvenile salaon and steelhead exist above the

jl,, - -3 ‘3.-.I . Pi-0;riaionr of access will open up 16 stream miles consisting: of 78
8c:e;i ox’ :-ea.-in,3 and 0.93 acres of spawning habitats for anadrouous fish.
! .rr,CLiLT. ; =l;e as~ailabriity of seedin:; stock or increased escapecent  to the upper
L3 cza zi;‘za, the project wouid increase the system’s smolt production by 27,000
is,zon 2nd 27,150 steeihead.

:ET!IODS AUD !3ATEw

Tke C.-oo;zd Fork p-o ject mea was exazlined in late July to detemlne equipnent
:lecds, pl-epa;*e a heiA;pot, and na&< ~ha Jig-ation barriers. Only one area was
located fx a helf;pot (Fig. 4). On Au<u;t 1, initial field activities began
xlz!l c:*an;port  ing cquipnent and pexo:mel to the project ai-ea. A base caap was
jet up adjacent to :he heiispot (I?:+ 5). !gO/li: crews hiked in fron the C.-oo!<ed
FJ;~.c rxd (595) \JhLc!l was S~P:OX kxeiy one 3iie fron base CUP. Add Lion31
tiq’JL~zl3il’; 3n;i pa~so.nal zca:- :a~az ca;D.*izd to base camp.

Du.-in; the base caq set up, Fo:zt Service personnel and Consultant, Jac:;
O.~SOO~5, P. E. ) surveyed the pi-ojccc a:-ea to detemine how to modify existih;
3&‘.‘i~~‘~ (#4-7) GO p.-ovlda op:ia~ fish passage (zee Appendix B). Five sailer
ba!-ria.*; ;rc;-e a1so ,ocated and Giscu;;xd. The placomnt of drill holes and
xxiifiC3L*oils :rerc discussed :~-th pwsonncl. Due to tine ifnitatfon;  ahd
m3 ix2 con3 i t ions, 33;. I ,er*s 81 ; 2-fIni vere not cxanined duxn:: the i:liLLal
k-xAua;,on.

Tl;c 73il’. ,:‘xat,on wo.5: x3:tod on the dormx-em barpie.- ( ti7) and p.-o.Trcssed
u~~c:e;r:~ one x.le ;3 oa;xe:* $1. Dri Lin.; and blastinf? bcr:an on August 2, and
?:oceeded throu,‘jhout  Augsc. Xqxpnent breakdom and pe: m;onnei on District3 .* -:tj- E..”l cndod the Pr-ofcct cDzlpic:ioil eke.



Figure 3 . Actual view of partial barrier No. 1.



Figure 4
1 9 8 4 .  

Location of camp and helicopter landing site, upper Creek Fork

Figure 5 . Helicopter being unloaded at camp.



3;*illlnz winch vas done by a two uan cr*ew was the most tine consuming part of
the p.-eject. Usin3 a Pionjar 120 rock drill and drill bits ranging from 1 l/2'
~3 4’ -on-;, blastin; nolcs wwc drilled into the barrier substrate at
predstcrained  1ocatiDns (Fiz. 6). Depending on the barrier size, the barrier
:ra; el ther drilled and shot once or drilled Several times with blasting
pczVfo:-ned whenever- enough drill holes were created. On larger barriers with
ztivc-al obstructions, one obstruction was drilled and snot at a tine to
z/z.lmts the aodificstion.

31aa:lng ‘rlas achfevci by usins waGer gei, primacord and blasting cap3 (Fig.
7). A cartifFed Forest Sa:vice blaster, experienced in rock blasting, loaded,
se’; ‘-17, and shot the d?i:l hoies. After blasting, crew members hand Ricked
boxdars and :-ock fyagnenc3 out of pools (Fig. 8). The materiai was either
;>:aeed on she;-e or pushed downstream. Natuxl scouring in the spring will
~~~c;xu~ly dislodge any .”emaining saterfais.

32 .%..:?.I; Zile pi-ojact, ber’ol-c and after Z>imtos were taken of each barrier.
. : 4 _nd4,,,;Snal photos snoirin:: ~3~13 drirling and NorKing were also tahen.

.

.tp.Y:, xlnataly 252 shot ilLas ,*an$n;; f.-o;;l 1 l/2 ft to over 4 fi deep were
d. ,:-cd on 12 bart-is:-s.4 . Abou; 170 i3s. of :tator gei were used togetne;-  with
9.7:.L;a23;- d and biastin; c3ps ::I 23 separate chalgss. In most case3 it :Jas
neceL.xA~y to biast each pool sevc:*al -,lces t3 achieve the desired remits.
33lxcin; the five 3nalia:- Da.-.-ierz, i-, -da3 detarclincd  that the resultin;
=03li*lcttl!JnL  :re.ne sUCCeS3fUl. In tac;I case, Isi-r;e ju:ap pools and reszng
~:i?as ‘n1e?.-ti c.-caLed and no :‘j.sh passar;e p;-oolamcl  were observed. Res tin.; areas
;:I: j*x;, 300-s r.re.nc cxated I..? :he xven Lxge baLmrio,-3,  but several ?ool; need
C-JS~L~LL -‘an next spring to detarrJlne if pool deptih is adequate. Barrier #5 rras
z.1-3 ~3~; difficuit barrier to achieve desired xsults. The initial blast
-z;lc.-eil ‘L.le eil’;ire f’ -*St-. 3x9 33d c.-eated 9 hiF:her fails.. Additiona; blsscin3
-.1_7s;c;i a -.-I-- d.” ali ju3p pool on Lilt3 first ~:.;rtps,  out nat;u:‘ai scouring L:; needed to
iC?Z>SZl Liie pOO1.
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mA ; ; _ ’ i’ c ,.- ,-J, c. ; i c c.,L .3 ” 2 .!:;:II.f:csnc  p?oduce;*s of anadromous fish among the basin’s
.., .“. - dud;.’ cc. 3.-e Lo-ii, Cr-oobeil Fo:t;:, and White Sand Cleeks. Crooked Fork and

‘.’II :‘ .  ..-,2 Sz.;d L':cd:,:s L.'C u;;E? p:-in:-Lpal p.-oducers of the Lochsa River system (uppel*
.1 .rr,,‘;l.’  ..I._ a,‘. ’ 22-c:‘) . j’:;;ic.. i; 13 M .-:.i:xl ilabitat and escapement conditions - Lolo,
*b. I c, .‘,d.iGCI’ PO.& Z.;i ci Cl 3* 17 ‘, ;z Szr,d C.ye;<~ a:%e capable of producing 33 percent of the
q- w . . r*J “.A- cl ;er;;:
FGs-CLY. -

IiGLJ A;iJ 45 pti:’ cent &’ the total salmon molt pi*oduction  on the

Bd L:i ;; L:cilLLi  ai’0 Cila:‘ac WC- s.-;‘.zed by a flow regilne of wide amplitude. Crooked
FO I’,: cilsp2ys a mzan discha:*gc of 3000 c.f. s. during the peak run-off period
.:.A 133 c.;‘.~. du.aL;~:;  ::~e la:c sutimer, base flow; whereas, White Sand exhibits
a:1 2 ‘IC .‘;i 32 i’,Jw oi’ 3000 c.f. ;. during peak lun-off and 170 c.f. s. at base
.*a - ,;:3. Y, Gii-..-A ;;ii: p:afcct a:i?a, CIDooked Fox shows a man st:Bea:;1  width and
&g-,:1 &J,f 34 1'02: and 1 . 1 i‘cec 2espectively (base fious); while \lhLte Sand
:i-jxly.; 3 :.i\)an :!.:.dch  &rld deptn of 86 feet and 0.8 feet. Both systems are
C:A.l.‘3.2  LO:‘-‘z&j by sizliiar channel s:aadlents with a mean of 1.0 percent and a
.*ir,q2;3 ‘If 0.5 pe;.cznt GO 2 pui>ccnc.

T;x P:aoj2cz L';.:'cxI:; d;>ain a -~alalecy of landforms that include glaciai, valley
“.‘, . . .1:: ) _tag ~:~a.:~~.;xl-:,  co,,uvla? dlvift ~lopz:;, and aliuviai flood plsins.
X~CA:,QI~~~ and a1,uuls, plain; doti;l;nate their idate.-sheds. G:*anitic soiis of
-i- ‘: I j;,la 3aL>JL ILLib.IL \;yp:i’y XC gmlogy of the a:*ea. The stzeans flow th?ouzh

. .~~.I.~d, .~lxeJ 3Gillfc:‘ouJ  ;;and;; of western red cedar, Douglas-fir, Engiemann
.Jp. I. 1 ‘7 ;‘.Ab”, -Jr11 Gu pi&Is, p;n;?a.~;s pine, and larch. Few deciduous species are
p.‘esii*n’.i il-.thn,;l the r1pxhn zones.

c-m.dck;ed Ffi.ak ;]a,, ti;:pa;*1 enccd extensive ttiber harvesting and road construction
r’O ;’ =;1.2 JaL = IWG ci tcsdc.5. Ho j t of this acr;lvity has been concentrated in its
,Gi;iC”’ **L;;ic;-*cj 3‘ll;i in. . t:le B;u:A~ r”xk subdrainage. Impacts a:jsociated  with
s2d -:.xx3t-3.1 2nd o-:d.*-ha:vcatx<  In the Aparian zones have been moderate.
T,lz ;lppc;- :“ti.icuci,  of C;‘oor;ed F0i-k alme undeveloped and pristine. \lni :e Sand
c.*ee.< :rzL ail-y xti:n dz-te~opcd in ILS extreme lower ;>eachs f,-om aeaver Creek on
ddir:l,,:c:sil. it-; Saver- Cl~ee2 i;nibutary hzs been cxtensiveiy harvested and
--oaded.. Iclpsc L. :2 co \llr:;e Sand Creei nave been ninitiai, and it is essentially
. ~o;;rd~c~, and p.liscina.

2:; 1979, in 1:1;2:~~~JC iGi).-G3: ;uxey was cmpleted on Crooked Fork Cl-eel; by
PaJc*l ~3,d;;.~L~t pc:‘zxn:la,. Espinosa (1984) discusxd the nabitat analysis
jC;‘-‘/r3\1  fI’0.J Lili! LU.‘/3y.
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Table 2 . Comparison of organic debris providing habitat one year after installation, by reach; in Crooked Fork Creek and
White Sand Creek, Idaho, 1984.



Table 3. Square feet of pool habitat created by type of structure, pool
class, and mean of maximum depths in Crooked Fork and White Sand Creek, 1984.



Da La indica’;es tha: 38% of the zees showed ;one type of change ;Jhether by
chaase :.n an%-a 0:’ zhanse in ,en<th f.-on being broken off (figs. 16-23). This
:.ilZ-Xi25  C.*ees zotaliy washed up on the banks. aut whez compa:9q actual
ang-as of t.?ees in;;alled In 1983 vs the remain-n.3 s’;,nucturer; in 1984, little
chanse is evident. App?o$:aaLely 81% of the live c?ees instaXed in 1983 we:*e
at angles g.i*eate:*  than 30
3oo

and 92% of live Pees we:‘e at angles greate;* than
i-9 1984.

> 3o”
Existing debris behaved simliariy,

in 1983 and 38X wex > 30’ in 1984.
42X of the struc:u:les  we:te

The:.e we:Be no ssr%ing dlffe:*ences in an&es p!%oduGing functioning structures
overa, i (act<veiy scou:*ing and suspended combined), the :Ban;e was 715 to 100;
(Table 5) with the 1005 coml.ng f?om only five existing deb.rls structures on the
Crooked FOP;< which we;‘e at angies between 20°-30’.

T:-ee sLze was compared zo see if It had any influence on the effect-veness
(actively scou?ing and suspended combined) of the structures (Table 5). Trees
greate:- than 24” d.b.h. installed as existing debris wet-e 95X effective with
81% of these sti*uctu.fies acti*lely scou:*lng at the tLne of the srvey. Live
trees acziveiy scouI*InS in e ithe? size category showed iiztle diffep*ence in
effec: ’ veness (34% for bees < 24” d. b.h. v3 305 fo:a t:‘ees > 24” d.b.h. 1.
Overa.- 1 effectiveness of b3t.h large and rsma:i izees was simlla!l (72% for* t:Bees
< 24" d.b.h. 7s. 70% fo:- xees > 24” d. b.h. ).

&e:;a,1, la:lge;, t:%ee ::Lxe had an increased effect on the amount of hablzat
c:?eated (Table 5). Live xzwctw-es created f.-om logs q:*easer* than 24” d. b.h.
c-eat& eve:- :wo t,nes a:, :~c.‘l l,labltaz. Existing deb,-;s did not show as much
inc;lease by ;.-ee size ar,d also had a g.nea-; amount of varaiabillty.

St:*uctu:Bes we:*e coapai*ed co dete:erjlne if the habIsat type that the st;tucturme
was placed in ilad any effec: on 1.:~ effectlvene::; (Table 7). Three habitat
types ve:*e de- ineated : pool, r.-.ffie, and :*un.

zx :ss,ng deb:*:j placed .in poo;:: drld runs ;lad a 1002 effectiveness :-ate and the
tiajo.-a-ty of the ~t.~~ct~u:aez we-se sz:.--re,y ;jzou:*I n; (Table 7). This 3ay be
ex?ec:ed since the degshs i-n bo::rl of these ilab:::at types a:*e deeper :han Ln a
:tlffle Lype and tile:%efo.-e  ,: .1.-; gilysL:>alLy ea:::Le:s  fo:? the ;;‘ees to ;.Lnk to a
le-,rel that it zan 3cou:a. Tr?, cazy caL:eL;, z.*ee; :‘nsf ve:ae felled Ln :a.‘ffle
::ect.‘.on; ;Je:>e suppo.-ted by b=;u,de.-s  .zb:-,re :he -,,~atey~ su:-face af >.zw fiows.

Ih : -ze - ‘ees1. llad a hL,ghc:-  :-ate of rJe.*a11 effectlvenesu w:hen felled Ln i>ooi
iiabita: (75: 72. 57X fo:- :*lff.-e and 582 for :‘uni). Live S:lees a-so showed a
highet- incident of actively scouring in poo, :ha*bi;at (48; vs. 25.X fo:* :*;ffie
and 291, fo.- runs.
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-c ,.,-3 1. 4;;;1:c5 &;Ix;r,~ 3:’ p-aced in psoi habitat types consistantly created more
go\=, :;i3ith: ‘i; .a .an haai taz ~ez.snd (Table 7). Variability was again high but

‘I? ,..c;t> g-zc& iz .--‘r*e’.  ?r.LI * LbJ showed the g:-eatest difference. Live structures. .
.\ ; : . . w’r’,J,L;JC, -.. . ,*--L’- i;:s.ius~J  L;Es;;; th;--ee tiz~ ICSS pool habitat than rum or
SW ‘-‘.,, 3.2, _ ;-’ I, ..~;130:-xrif ~3 xtz Ltia; these differences were not as &-eat when
CCY ‘- m ‘I- Z..:1.-j\Ln;  ;lzb;a1.;j by hablcat :ype, Indicating that riffies can produce.diJc’. -* 0
I;“& ..ih3 ,;3t ::,tn t he.

P. ,. . .d”. u;:t”l:t’, dti:. ‘2 iJcn-,lf;ed a~ co sheir location in the stream nleandeia to
. .IiL ; C:‘.a,:lc .-- * ,323,t,ori .l;id an effect on viabiXty or effectiveness. A total of

213 0;’ 251 :;t:~~ctu:e3  w2.x placed ;n straight sections of the strean while 16
;;tG *‘d >,azed ;.;1 t:lt ou;;s; de curve of the meande.* and 27 were placed on the
-n;.lde oi’ ;t;e :xanJsr (Table 8).

E::::, trI,; dobi~is s txctures in st.naight sections had the highest effectiveness
. A-r’- or’ 31 5 iii-j ;ix :.ldijo.ml’;y  of these were scou;-ing. Live trees placed in the
:11L’ lde of xa:xie:-3 hsd the lowest effectiveness rate consisting of 57% of the
.T“J “3, ::.:J ‘-..!-y 13': ::3:‘e dctu~ly ,aouring. Existing debr<s structures also ‘had

ti iori dl’i’5C Y ;iencsti r’iice (50.:) for placement on inside of menaders but the
,fi:aT),o ‘. 1d&Y2 i; ~ri)~ay s;nail (n-4) (Table 8).

S/hen co!lpsim:n;; the am5unG of pooi habitat created by meander type, inside
J;lesndc:-s h;1J t;hc~ lea;: sjuzcesrj. Existing deb:-i s structures produced no habitat

1-. ~nilcie 2anid:s wI.:h 3 3aslple size of one, but the iOW sample size of one
31.-o .: .i ~~;c; ;;h;r, 1; ;lasa.,“- difflouit  to find 3ood existing debris in inside
..l~tlldd;‘~~. Tile a:ea of gooi c?eatsd by live st.nucture in inside meanders were
1.3 snd 1.7 t.hes less, :*eApecL.sly, when compar>ad to outside meanders and

.I : -r;, . .“C. a,.>.. Y sti&LmL. TlK? low water depths and lack of higher velocities
~bi~::*;&y z:;asa ted pooAa cmdi tiom for c.neating habitat irr inside meanders.

IL ;;a& 2; ;up tzd to concent:ute st:ucture;  in side channels during 1983 but
Yflk:ji- d.‘Lib” ;1%1”e AVIS&~ ilaitint; on both st:*eams. White Sand Creek had no
= “~2~ su,tt’b,e fo:* stxctur-es  In side channels except foru. one existing debris
. .WY. ~JC.~L~:L; (Ttoia 9). I: w2r; tneo!-ized that structures in Aide channels uouid
have a bo t~e:~ mance of ~u:~~liva~‘; due to lower flows and velocities.

Side x~~r;xnols can cainins both lfve trees and existing debris had higher rates
0r ei’r’a~ ;l’/zn\3JJ (da.3 an;l 1003 :bespzctiveiy) znan sixuctures  in tha mainstens
(70.: .I’o.~ iivc L:oes rind 803 for existing debris) (Tabie 9). Number-3 of live
I;rclb:s tilLi: \fe.;*z acLivaiy scoukmin,g were iow, 33% and 29% fOi* nainvtem trees and
_, 1 i -2 C2ti.1’10. ,L ~~eJp~c~i-:tly.

S~.‘U~;‘LL; .i’ 11; r;ld. “” c ~isar?m:.~s con.siLtentiy weated more pooi abitat with the .
:A2 i L ’ “il: fLC!;;1:*‘;I - ‘& d:P r*;:-encc bet-deen existins debris (293 !i!ft /structure for
-i.JC C:ilti.i32d  S -Z.i 77fL'/Lti.Uctu!Be for mainsten), although the sarapie size for

c;?z,mtii~ :rlr,i~ o;;i,tins debi-is is too iow to make any concrete conclusions
-2 9).
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Vhen ;:-‘eez w:le:-a obsc:.--vyed  tha: iad been pushed on the St.-earn  bank it was
at-,ez~g-,d L.3 pull :hen back inLo the 3tFeaa. Th <z proved to be vl;qtuaily
1a?o232ie. A wes:e.-n -arch t;aee wiLh a 24” d.b.h. and 100 fc long can weigh
UP ~3 12,000 PouildS and ch?Ls doesnl: accoun: fo:* she addlsiona,  weight of water
ab;;orbt:on f:*on bein< in the wate: all sprLng ion.;. This conpounded with the
fat:; that QOC: s.i,tez had bouldez.2 fur.zhet- :geszi*ictLn= the movement of the log,
aade I: lnpossibie to move :he las?;s wkh :;inple w:.nches and coae-alongs. The
:.e;lose iocat ion p:*even Led laixge? equipment f :‘orz being used.

The only maintenance possible was to add t:-*ees ~3 exis’,lng st;auctu:*es when it
was fel: zhat the addition would enhance the site. Ixtiai obse?va:ions on the
effecxveness of xructurles ied to design changes in the additional structures
ins;aLed.

In many cases trees that we,-e fe Led in 1983 that zlet the cri:erla of greater
than 24” d.b.h. we.ne felied too fa:-, on the bank icaving only the mall tops in
the x?earm wxh i ittie chance of p:*ovFding much haktat (figs. 24 5 25).
The:aefo:-e Cees wi:hLn 20 ft of the bank.; we:*e feLed to add as mch debris as. .pos;;:3ie in the 3t;qeam. ia 1983, t.-ee; rrere limbed and .,esu;tant slash way
piled beyond this hi%h water 1zla;nk  to p:+event the sna;i debris f-on ciVeating
jank. Observations of naturally fallen t:‘*ees indicated that this would no: be
a p:-obies and it was fez :hat ,eaving :he b:*anches on wouid furthe;- diversify
the hablzat and would help stabliize the 5t:uctuA-e, the:aefo.-e no st.ucLxes
we.ne LAbed.

The double w;*ap of 1/4” cable seemed adequate since Incident of cable breakage
we:-e actually low and z.-ee tops gene:*ai-y  b:*oke off instead.

The angle az; which the tree was felled did .?ot seea LO aatte? ~UCII since water
flows and ice had the greatest effect 03 whe:-e the structu:-e finally rested.
Tree size seerred to Se an important facLo.- although fina, analysis (Table 5)
did not show any si:@ficance betwee t:*ee size.

It waL apparent that for the st.*uccure to .-emain effective for any period of
t-ae they had co be constructed 30 they wouid yenain Fn the nainzcm of she
st!‘ean even through Lee flows. Structures tha: we:-e observed working as
intended we;le usually groups of tzees wo.-king together, -*esting a,<ai.nst each
othe;. as the Ja’,e:* and ice flowed pa;: ~Aern or’ loz;s that were braced on the
bank by zcanding trees that rrou;dntt allow the3 Lo aove or’ wer’e against
‘imuide:bs  in the st:team acting a.;: ;:a:biilzlng poinf:: (fj.5.:. 26-32).

Sxl;sLing deb?.‘_s  tha: was obr;e;*:red p;Bo-Jidi ng zxce;,enc  habitat and :-ela:Ively
stable umaliy wa; a resul’, of an old jan or’ was a co-;ect,on  of several pieces
of o:;zanic deb:*ir. .:.xer;oc;<ing and making the &:‘uxu:-e Lxe;f :Lable.
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Figure 36 . Live trees felled in Crooked Fork Creek, Ford Reach, Site #8,
1983.

Figure 27 . Live trees felled in Crooked Fork Creek, Ford Reach Site #8, one
year after installation, 1984.



Figure 29 . White Sand Creek, Beaver Creek Reach shoving trees felled at
Sites 18 and #9, one year after installation, 1984.
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Figure 31. White Sand Creek, Corner Reach showing three structures still
effective one year, after installation, 1984.



Figure 32.  Live tree felled in Crooked Fork Creek, Ford Reach, Site #l
year after installation, 1984.

one
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Two downstream "V"s were installed in side channels and have the same
characteristics of jetties but are probably stronger, but can only be installed
in narrow channels.
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Data indicated several factors to be considered when installing future
struct ures:

.Large tree size is important for maximizing the amount of habitat produced.

Avoid inside meanders because of lack of effectiveness and amount of
habitat produced.

The comparison of side channels vs mainstem don't show any clear evidence
in effectiveness and of no definite conclusion can be made for which type
of reach produces the most habitat.

Limbs should be left on the trees. The protusions of the limbs will help
diversify the habitat and will help stabilize the structure.

Observation s of existing debris indicated that root wads of trees were
Important in the quality and effectiveness of the structures. The roots were
extremely valuable in diversifying the habitat but also provided an anchor for
stabilizing the structure. Further observations indicated that the more trees
intermingled in the structures the better the habitat.

Methods that could better duplicate these conditions would be more effective.
Some work has been tried blasting the root wad into the stream with limited
success but efforts should continue in this area. Areas with better access
could u tilize heavy equipment to push or pull the trees In.

Maintenance of the structures was very difficult. in some cases trees could be
recabled but actual moving an ineffective structure was virtually impossible
due to the type of equipment available for use in remote areas. Generally
adding trees to structures is limited due to the availability of trees in the
area with proper lean or location.

The different design types installed in 1984 should be monitored to see if they
can produce better habitat over a longer period of time.

Continued efforts should be made in monitoring the 1983 structures. A; though
performance of these structures do not equal those of log weirs, there low unit
cost and the fact that they can be instailed in remote areas with very little
equipment makes them very appealing (figs. 33-36).

The bottom line is their effect on fish populations. It is extremely important
than an evaluation critically looks at the benefit s of these structures.
Efforts have begun through Idaho Department of Fish and Game to evaluate this
portion of the project. This project should be funded on a long term basis not
only because of the slow fish response, due to anadromous fish cycles and low
seeding rates, but also due to the fact that data indicates that these
structures may con tinue to develop habitat with time.
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Figure 33 . Aerial view of two structures on Crooked Fork Creek, Reach above
Highway 12 Bridge, one year after installation, 1984. Note upper structure
collecting additional organic debris.

Figure 34 . Aerial view of three structures on Crooked Fork Creek, Reach
above Highway 12 Bridge, one year after installation, 1984.
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Figure 35 . Aerial view of two structures on Crooked Fork Creek, Reach above
Highway 12 Bridge, one year after installation, 1984.

Figure 36 . Aerial view of me structure on Crooked Fork Creek, Reach above
Highway 12 Bridge, one year after installation, 1984.
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SUMMARY OF EXPENDITURES

SALARIES 6325

TRAVEL -----

NON-EXPENDABLE EQUIPMENT AND MATERIAL 380

EXPENDABLE EQUIPMENT AND MATERIAL OVERHEAD -----

OPERATION AND MAINTENANCE 2230

TOTAL 10,000
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CROOKED RIVER HABITAT IMPROVEMENT PROJECT

Planning for the restoration of
Meanders on a Trial Basis

ABSTRACT

Long reaches of Crooked River, southwest of Elk City, Idaho, have been
heavily impacted by gold dredging. Some reaches have been pushed to one
side of the valley, straiqhtened and steepened. Vegetation, woody debris,
shade, overhanging banks, and pools . . . components of diverse fish
habitat, are in extremely short supply. High velocity riffles and large
substrate are predominant.

Some preliminary habitat improvements have been completed by the
Forest Service on several reaches of Crooked River. The project discussed
in this report covers the hydrologic, geomorphic, river mechanics and
bio-engineering aspects of considering the reconstruction of "pilot
meanders" in a reach of Crooked River about three miles north of Orogrande,
Idaho.

Consideration was given to several alternatives including: (1)
installing habitat structures and a flood plain in existing reaches of
Crooked River; (2) adding recessed backwater areas to the existing channel
for rearing habitat; (3) building one or two pilot meanders just north of
the emergency airstrip (the project reach); (4) cutting a more random
channel through the dredge tailings in a less-constricted valley area
upstream (south) of the airstrip; and (5) letting the stream continue to
work towards its former natural state (do nothing).

The last alternative is not reasonable in light of the time required
for natural restoration. Also, this project is part of a larger program
for fish and wildlife improvement in the Columbia River basin.l

The major risk in meander restoration is the possible loss of water
through the highly porous bed and banks. These would seal over time, but
can be corrected with gravels, sands and fines during an initial, low-water
diversion period. The design of the meanders is based on similar channels
in the region and calls for lower than normal floodplains to encourage
overbank flow, riparian vegetation and bank stabilization.

1 Northwest Power Planning Council, 1984. Columbia River Basin Fish and
Wilflife Program. Adopted Nov. 15, 1982; amended Oct. 10, 1984. Portland,
Oregon, p. 56.
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I. INTRODUCTION

Currently, as a result of sold dredqinq, the portion of Crooked River

near the emergency airfield is flowinq on a steeper and straiqhter course

than prior to dredging.

Therefore, this reach of Crooked River has less spawning and rearing

habitat, velocities are higher, bed materials are larger and natural

diversity in the channel (pools, riffles, woody debris and vegetative

cover) is sorely lacking.

There are three major alternatives to consider in planning to restore

fisheries habitat in Crooked River (see Figure 1 for site plan):

1. let the stream do the work and adjust over a longer period of time

towards a more natural state;

2. add habitat enhancement features to the nearly straight existing

channel along the east side of the valley; or

3. accelerate the process in (1) by constructing a meandering channel

to the west of the existing river channel, through the dredge

spoils, and utilize existing depressions and trees to enhance

the habitat in the constructed meander(s).

Other minor alternatives are discussed in the next section.

This report has been prepared to document existing land and water

information, Present the results of field investigations and office

analysis, and provide guidance to Forest Service and Idaho Department of

Fish and Game (IDFG) personnel in the selection of the appropriate

alternative. This report does not discuss costs, but surveys and transects

are presented so that cost estimates can be made by the Forest Service
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Figure 1. Crooked River Study Site Plan and Regional Location.
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engineer assigned to the project. This information, plus the cost

estimates for habitat improvement structures, will be used in developing

costs of the alternatives.

The USFS has decided that two "pilot" meanders should be constructed,

the WSU Project Team has field staked the meanders, and will orient the

Forest Service Project Engineer to the site conditions.

Before discussing the alternative methods of improving spawning and

rearing habitat at this "pilot study" site on Crooked River, there are

certain geomorphic channel criteria which should be summarized in order to

compare past, existing and future conditions.

1. Under natural conditions, the "pilot" channels of Crooked River

would be about 2530% longer than they are now, and the reaches

would probably be incised in a meadowl.

2. The term "pilot" is being used because the habitat and produc-

tivity of the restored meanders are to be compared with the

habitat and productivity of a "natural" (baseline) reach and a

"straight" reach upstream beside the airfield where habitat

improvement features (boulders, drop structures, trees and

willows) have been installed.

3. The existing gradient of the valley is about 1.4% which is equal

to the valley gradients in similar undisturbed meadows nearby,

such as Ten-mile Creek just to the southwest.

1 Details on design criteria and how they were developed are included in
the chapter on Hydraulic Design of Meander Channels.
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4. But, the natural channel slope in nearby streams is about 1.0%,

whereas the present slope in Crooked River averages about 1.4%.

5. The length ratio of channel length (river) to valley length is

1.30 in natural channels and only about 1.05 in the study reach of

Crooked River.

6. Changing the channel by restoring one or two meanders of 25%

longer length than now exists will be primarily a gravel, cobble

and soil moving project. Therefore, approximate cut and fill

volumes have been estimated for both the upstream and downstream

"pilot" meanders for preliminary comparison of alternatives.

7. Whether the existing channel were to be improved with habitat

features (Alt. 2), or the meander(s) were to be restored (Alt. 3),

similar habitat enhancement features would have to be installed in

each channel.

8. The existing channel would require more constructed features than

the pilot meanders, due to its steeper slope, its instability and

tendency towards braiding, and its lack of natural pool structure.

9. The meander "pilot" channels can be constructed as close to

natural conditions as desired, and the level of habitat features

to be installed can be selected based on available funds on a year

to year basis. Some of the "pilot" meander features for habitat

enhancement are also hydraulic design features (glides, pools,

riffles), and control structures such as log sills and large

rocks.



5

10. Only two somewhat similar projects which involved the restoration

of natural meanders in a dredged area were found in either the

literature or through personal contacts.2 Most habitat restoration

in dredged spoils haveinvolved the placement of habitat

improvement structures in the existing channels, some channel

reshaping and stabilization,    and the use of shore plantings and/or

woody debris.

II. DISCUSSION OF ALTERNATIVE METHODS FOR HABITAT IMPROVEMENT

Besides the three choices listed earlier, these alternatives exist:

1. Do nothing;

2. Improve the existing channel to a higher level than Alternative 2;

and/or

3. Divide the river into two channels in order to double the potential

habitat (preliminary consideration requested by USFS);

Another habitat improvement (for rearing) would be achieved by the

connection of some existing ponds to the river by excavating a channel or

culvert connection. This alternative No. (5)     is discussed in this section,

but cannot be compared directly with the other alternatives, except No.

(l), do nothing. In a letter from District Ranger Bob Castaneda, dated

September 12, 1984, the Forest Service chose not to consider improvements

in the potential rearing ponds at this time.Other bases of comparison

might be in terms of the relative amount of habitat improvement

construction required by each alternative.

2 Boland, 1984: Brusven, et al.,1974; and Jackson and Van Haveren, 1984.
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The preliminary assessment of these alternatives is presented on the

next few pages using a method of Indices and a Decision Matrix. Referring

to Table 1, the Alternatives are arranged across the top and Factors or

Indices which will affect the effectiveness and project life of each

Alternative are listed down the side.

The factors listed are not the only ones which can be considered.

Space is left for "Other(s)" under G. The factors initally selected are

for: measuring qualitatively the comparative costs (earth moving, A;

habitat structures, B); water supply conditions (C); post-construction

resistance to damage (stability, D); how long it would take to achieve a

high degree of spawning or rearing productivity (relative time, E, e.g.,

compared to each other alternative); and probability of "success" (F),

meaning how confident we are that each alternative will achieve and sustain

an improved level of potential habitat compared to existing conditions.

Other (G) factors which might be used are: the amount of (level of)

habitat diversity created by each alternative, or the relative total amount

of habitat created by each alternative by type needed, and/or just the

total habitat Created.

There are a few basic operating rules for using this matrix approach

to conduct a preliminary analysis of habitat improvement alternatives:

'1. Do not constrain the solutions3 by interjecting costs until the

alternatives have been established, discussed and weighed. Even

then the alternatives must be quantified before the costs are

considered;

3 See first paragraph p. 5 and p. 6 of report by J.F. Orsborn, June
21, 1984. "An Evaluation of Plans for Habitat Improvements on
Upper Dredged Area of Crooked River," Nez Perce National Forest.
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2. The index scale is applied horizontally for each factor, one at a

time, by comparing the relatively "goodness" of each alternative

against the others;the highest rating should be assigned first,

then the lowest and then the intermediate ratings;

3. The objective of fisheries enhancement through habitat improvement

structures (modifying the hydraulic geometry of the river

channel), must be kept in mind (as well as longevity);

4. Several people4should read the qualitative assessment of

conditions and terms in Table 1 to understand how we envision that

each factor will relate to each alternative.The combined effects

are evaluated when the total indices for each alternative are

compared;

5. The same team of people should review our SAMPLE ANALYSIS in

Table 2, keeping in mind that this analysis is from our

perspective of the project,but that we followed the objective(s)

in part (3) above;

6. Keep this principle of indices in mind: it is not the actual

values of the indices which are important, but rather their

differences among the alternatives.

7. In-depth discussion by the team of each factor, and how it relates

to each alternative will help define the true (basic, real,

natural) problems and thus generate the best solutions.

8. The habitat criteria provided by the Forest Service on 7/6/84 have

been applied to the hydraulic design of the two alternative

meanders; and also to Alternative &improving the existing river

4 USFS and/or IDFG personnel.



Table 2. Sample Analysis---Use with Table 1---Explanation of Terms

A

C

D

E

F

G

CROOKED RIVER HABITAT IMPROVEMENTS ALTERNATIVE MATRIX
For River Reach just north of airfield in Sec. 20, T28N, RGE.

FACTORS
ALT. (1): ALT. (2): Improve ALT. (3): Construct meander(s) ALT. (4): Split

1
Do nothing  existing channel A. Meander 1 B. Meander 2

channels

with hab. impr. with hab. impr. river plus meander

Earth Moving 10 8 1 3 0

Add Habitat

Improvements
10 2 3 4 3

Water Conditions
1 7 8 9 2

surface and ground

Stability of channel
1 6 9 10

and hab. Impr.
7

Relative time

to  achieve 1 7 8 9 7
high productivity

Probability
of success

Habitat
Diversity

TOTAL INDEX

1 8 8 8 4

1 9 8 8 9c

25 47 45 51 32

a. 1 River; 9 Side Channel Combined.
b. 1 River; 10 Side Channel Combined.

d.
c.  Assumes Habitat Improvement in Both Channels.

Note: Factor D above assumes no improvements in river.
e. No River improvement.

ALT. (5): Backwater rear areas

(Compare 5A only with 5B)

5 10

5 8

7a 8b

8 10

2 9

6d 7e

AHL/WSU, 10/84
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channel. This assumes a high level of relative habitat

improvement will be applied to both Alts. (2) and (3). Details on

the meander designs are included in a later section on hydraulic

design.

An explanation of the SAMPLE ANALYSIS (Table 2) follows.

Sample Analysis Of Alternatives

l  Refer to Tables 1 and 2

l  Alternatives 5A and 5B are only for rearing and can be compared only

with each other, and Alternative 1, Do Nothing;5

l  The split channel (Alternative No. 4) was included by request but

should not be seriously considered because of: 1--the low flow in

each split channel; and 2--the difficulty in maintaining two (2)

viable channels.

. Comparison will be discussed in terms of ALTERNATIVES.

l    When considering a factor for each alternative (as in the earth moving

example above), select the alternatives with the 0 & 10 values, and

then select the relative intermediate values of the index for the

other alternatives.

l  Considering the other factors for each alternative, the low and high

values were selected and then the others were placed in their relative

positions:

5 Alternative 5, Rearing Ponds, is included only for demonstration purposes,
not as part of this year's meander pilot project.
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EXAMPLE OF ANALYSIS OF ALTERNATIVES

l  Refer to Tables 1 and 2

. Alternatives 5A and 5B are only for rearing and can be compared only with

each other.

ll The split channel (Alternative No. 4) was included by request but should

not be seriously considered because of:

1. The low flow in each split channel; and

2. The difficulty in maintaining two (2) viable channels.

l  Comparison will be discussed in terms of ALTERNATIVES.

1. Do Nothing 3A. Build upstream Meander #l

See

Table  2

2. Improve the River 3B. Build downstream Meander #2
1

Relative 0 12 3 4 5 6 7 8 9 10 FACTOR A

Scale Earth

Example v T s
(Volume)

Difference Relative

5 cost

I Required for habitat
Larger Lake to Structure Installation
include in meander. And Some Channel

Modification. . . . .
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FACTOR

B. ADD HABITAT

IMPROVEMENTS

(drop structures

shade, boulders,

pools, riffles,

cover, etc. . . .)

C. SURFACE AND

GROUNDWATER

CONDITIONS

Seepage gain and

loss, depths,

velocities, pools,

riffles, utility.

D. STABILITY of both

the modified

channels and the

habitat features.

DISCUSSION FOR ALTS. l-2-3A-3B only

Nothing required in Alternate (l), but the

Control of migration, spawning and rearing

flows, was assumed for Alternatives

2 and 3B. The level of habitat improvement

was assumed to be the same for each. But,

the results in the existing river channel

would not be as effective as in the meanders

because of the steeper slope and instability

in the existing channel.

Alt. (1) will leave the flow in the existing

channel which is in an erratic state of

transition while trying to meander, and has

relatively little natural habitat. Meander 2

(on the P-2 survey line) will provide better

flow-habitat conditions than Alts. 2 or 3A

because of its better plan view geometry, its

larger pond (No. 8), and the reduced volume

of cut and fill.

As mentioned earlier the existing channel is

on a steeper than natural gradient. There-

fore, any habitat improvement will be in a

less stable environment than in RESTORED

MEANDERS 1 or 2 (Alts. 3A & 3B). Also, the

meander plan, profile and cross-sections can

be constructed for design flows more easily

than the existing channel can be modified.

More structures would be required in the

existing channel to stabilize it than in a

meander of longer length.
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E. Relative TIME

to achieve an

increased level

of Biological

Productivity.

This is a function of how completely each

alternative mimics natural habitat conditions

for such a stream. The more diversity and

stability of the habitat features, as well as

the near-future hydrologic cycle, will govern

how rapidly productivity rises.

F. PROBABILITY OF This will be a function of: (1) the amount

SUCCESS (+), AND of habitat improvements; (2) their diversity;

OF RISK (-). (3) the water supply conditions; (4) channel

and habitat improvement stabilities -- but

there are other risk factors which include:

(1) loss of part or all of the low flow in a

new meander;

(2) wash out of habitat features (loss of

flow control & habitat continuity); or

(3) an extreme flow (flood event like 1964)

which could abandon the existing channel

or a meander.

The potential seepage loss can be managed

through proper design and construction, and

damage potential can be minimized.

G. OTHER Could be developed as discussions proceed,

FACTORS and could include factors such as:

(1) the relative amount of habitat increase

above the existing level in the river

channel; or (2) an index of habitat diversity

for each alternative.
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Based on our analysis, we would recommend Alt. 3(B) as the most

promising alternative to construct a "pilot" meander to compare with

habitat improvements upstream beside the airfield, and with the baseline

reaches. But, we recommend that the Agency Team conduct its own evaluation

using the Decision Matrix method.

The basic differences in initial costs between enhancing the existing

channel with habitat improvments, and building one or both meander

channels, is in the extra cost of cut and fill in the meanders, assuming

the same level of habitat improvement in each alternative. When conducting

your assessment of the alternatives you may wish to use some different

factors which you feel are more important. The indices are not fixed!

The methodology should probably be applied by say three or more

individuals, and their results compared, discussed and justified.

Then, you can make a cost estimate of habitat improvements and earth

moving and compare the costs of the alternatives to available funds. The

highest level of improvement should Se planned, and then staged, so that

the best long-rang e results are achieved.

NOTE : Following review of the preliminary report the Forest Service

indicated a preference for planning to construct both meanders.

Consideration will continue through the winter.

III. GENERAL SITE CONDITIONS

The Crooked River project area is located in central Idaho, southwest

of Elk City on U.S. Forest Service Road 233 ( SW 1/4, NW 1/4, Sec. 30,

T28N, R8E,). The site covers an area of approximately 850,000 square feet
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within the Crooked River Basin. Crooked River is a tributary of the South

Fork of the Clearwater River (Figure 1).

During the 1940's and 1950's the site was dredged for gold, disrupting

much of the natural stream habitat. Piles of reworked cobble, gravel, sand

and silt create a combination of mounds and depressions throughout the

site. These surface deposits are mostly coarse gravel and boulders that

were brought to the surface during the dredging process. Pines and other

pioneer vegetation have started to grow throughout the site, though there

are still large sections with no vegetative cover.

As a consequence of the dredging Crooked River was pushed to the east

side of the stream valley against a steep side hill. The river is

currently forced to flow down a relatively straight channel, restricting

the development of natural habitat. Also located on the site are a series

of ponds hydraulically connected to each other and to the river through

subsurface flow. On the west side of the site six of these ponds form a

line approximately paralle l to the stream beside Forest Road 233.

The purpose of this study is to consider ways in which this section of

Crooked River could be "normalized" into a state more conducive to the

restoration 0 f fish and wildlife resources. In order to do this, two

preliminary meander patterns have been developed. These meanders were

laid out based on the existing meander patterns, pond locations,

topography, vegetation, desired habitat features and hydraulic constraints.

In the next chapter the methods of data collection and interpretation

of this data for both the land and water are discussed. This is followed

by the analysis of the hydrologic system and estimation of low, average

and flood flows for Crooked River. The actual meander designs are

developed in the following chapter of the report.
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IV. DATA COLLECTION AND INTERPRETATION OF

EXISTING LAND SURFACE CONDITIONS

On July 3-6, July 20, August 2, and October 19-20, 1984 topographic

surveys were completed on the Crooked River study area. Ground controls of

the topographic survey are shown on the map (Drawings A-C) attached at the

back. Figure 3 shows these two basic loops as well as the location of

a series of temporary bench marks and a permanent baseline that were used

for the initiation of additional survey work. All elevations determined in

this survey are established relative to an arbitrary elevation of 1,000

feet at BM #1. Between August 2 and October 19 irresponsible person(s)

removed all but 4 control points and threw most of the survey stakes and

staff gages in the river. A majority of the time on October 19-20 had to

be spent in reestablishing the control system before the two final meander

alignments could be established. These new alignments are discussed in

detail in the section on meander design, and in Appendix II.

The major purpose of these surveys was to lay out two lines, called Pl

and P2, (P-lines), which approximate the location of possible meanders

(Figure 2). Due to the exremely variable topography of the site, one of the

first activities of the field survey was to walk these proposed meander

routes and document the field conditions. The establishment of the initial

"P-lines" was aided by indentification of:

l  natural take-off locations (stations 0+00) for the meander departure

points along Crooked River;

l  natural tangent locations where the meanders could rejoin Crooked River

at an acute angle;
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Crooked River

AHL/WSU, 10/84

Figure 2. Pond and Surveyed P-Line Layouts.
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Runway

"NOTE: See revisions in project
control in section on
meander design.

Not to Scale AHL/WSU, 10/84

Figure 3. Transit Control Loop Locations and Bench Mark Locations.



l  existing ponds and depressions that could accomodate the new channel,

thus reducing some of the cut and fill requirements; and

l  existing trees that could lend "instant" habitat enhancement along the

new channel.

Level loops were done to verify elevations at stations and controls and

establish benchmarks along the P-lines. Stations were chosen every 50

feet, or where there was a major change in direction or a break in grade.

Elevatio ns on either side of the P-lines were determined in transects using

a hand level. Using these elevations, a series of cross sections were made

at each station along Pl and P2. These cross sections were later used to

estimate the amount of cut and fill for the construction of the meanders

and to help finalize the grade and shape of the meander channels.

Results of the field survey along P-lines are presented in Appendix II

at the back of the report as are three maps of the study site. Predominant

tree clusters, ponds and the existing river layout were considered for each

meander site. The recommended survey lines (P-lines) and channel

centerline are sketched with regard to the existing topographic features

and in accordance with hydraulic design requirements.

Additional documentation of the upstream survey line with photographs

taken at stations along the survey line looking "downstream" were presented

with the preliminary report. The photographs were referenced to a map of

the survey line to permit the reader to "walk" the proposed upstream route

(P-l).
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v. LOCAL SURFACE AND GROUNDWATER

The location and elevation of the major ponds and of the stream edge

were found b-y a series of side shots from the main transit control loops. A

series of nine staff gages were then placed in the ponds and another one in

the stream itself to monitor changes in the water levels over a time.

Figure 4 shows the location of these staff gages and Table 3 records the

readings. It should be noted that the readings are only relative to the

reference elevation of 1,000 feet at BM #1 and indicate water surface

elevations, not actual stream or pond depths. Table 4 is an index to

Crooked River water surface elevations. Locations are recorded on the map

at the back of the report.

Figure 5 shows a profile through ponds 5-7 on the west side of the

study area. The major source of water for these ponds are small streams

from the west side of the watershed, surface runoff, and Interflow from

Crooked River. During the period of this study the first two sources were

minimal, indicating that ground water from the river valley deposits is the

major contributor. At the south ends of ponds 4-7 around water seepage was

observed, indicating a direct hydraulic connection between ponds. The

average hydraulic gradient was found to be 0.024. Variation from this

gradient could be due to a pond having additional sources of recharge or

discharge, thus changing the elevation head between ponds.

A series of electrical conductivity and temperature measurements were

made in the stream and in the ponds. Due to the relatively clean porous

nature of the gravel deposits similar conductivity and temperature values

would be expected. If the ponds were being fed by a deeper ground water
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Not to Scale

Figure 4. Staff Gage Locations.
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Table 3. Staff Gage Data for Crooked River Project

Washington State University/Elk City Ranger District

Rate of Reading and Water Surface Elevations1

Staff Gage
Number July 6, 1984 July 20, 1984 August 23, 1984

8

9

10

11

12

AHL/WSU, 10/84

994.05 ft.

988.49

985.66

986.33

975.15

not installed

993.35 ft. 993.44 ft.

988.45 988.45

984.36 no record

986.05 overgage

974.48 no record

983.15 983.34

not installed not installed

978.10 978.15

975.03 975.02

974.88 974.86

975.47 975.42

1 Elevations are relative to a benchmark established as 1,000.00 ft.,
located at the south end of the project near the north end of the
airstrip.
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Table 4. Index to Water Surface Elevations,
Crooked River, Idaho

Date
Original
WSE Number

7/4/84 No field number 1

7/4/84 WS2

7/4/84 WS3

7/4/84 WS4

7/4/84 WS5

7/4/84 WS6

7/5/84 WS1

7/5/84 WS2

7/5/84 WS3

7/5/84 WS4

7/5/84 WS5

7/5/84 WS6

7/5/84 WS7

7/5/84 WS8

7/5/84 WS9

7/5/84 WS10

7/5/84 WS11

7/5/84 WS12

7/5/84 WS13

8/2/84 WS2

7/5/84 WS14

8/2/84 WS1

8/2/84 WS3

8/2/84 WS4

8/2/84 WS5

8/2/84 WS6

8/2/84 WS7

7/20/84 WS8

New WSE
Number1

Deleted

WS1

WS2

WS3

WS4

WS5

WS6

WS7

WS8

WS9

WS10

WS11

WS12

WS13

WS14

WS15

WS16

WS17

WS18

WS18

WS19

WS19

WS20

WS21

WS22

WS23

WS24

WS25

Reference
Elevation2

994.29

993.94

992.58

992.28

991.58

987.53

986.63

985.83

985.28

984.93

984.63

984.23

984.08

984.03

982.33

983.13

982.53

981.93

979.68

980.08

981.75

979.67

979.00

978.55

977.67

977.17

973.45

1 Stations number from South to North in direction of flow.

2 Elevations referred to TBM, NE of Runway, Elevation 1000.0.

AHL/WSU 10/84.
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aquifer the values of conductivity would be much higher since the ground

water would have been in contact with more dissolved ions. Also, the

temperature would be warmer. Table 5 shows the conductivity and

temperature values at various locations. As expected, the pond and streams

have similar values with the ponds being slightly higher. This indicates

that the ponds and streams are all directly connected and makeup a shallow

ground water flow system.

The stream elevations are generally one to two feet higher than the

corresponding pond elevations. Therefore, the stream is recharging the

ground water supply or is an influent stream. This is confirmed by direct

observation of ground water seepage on the south east side of pond 8 where

the stream flow is directed toward the pond before it starts to meander to

the east (Figure 4). Since the stream was, at the time of this study,

approaching its low flow period, it can be expected that it recharges the

ground water year round.

In addition to staff gages for measuring water levels in the ponds,

the stream was gaged just upstream of crib #4 to measure flow changes.

Figure 6 is a plot of flow (Q) versus time (t). As the plot indicates,

flows on July 20 and August 2 were nearly the same. This could be due to a

series of large rain storms occuring through the last week of July. A plot

of Q versus staff gage readings was made as a basic calibration curve,

allowing flow determination directly from the staff reading. Flow

measurements were also made on July 6, on the small stream on the west side

of the site that feeds pond 5. The stream flow was found to be about 4

cubic feet per second. On the later field trips this flow was approaching

zero, but in October it had increased due to early snowmelt.
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Table 5. Water Conductivity And Water Temperature Values
At The Crooked River Site on July 4, 1984

Location Conductivity Temperature
(umhos) (°C)

Near S.G. #1 23

South Culvert 32

Near S.G. #2 25

Pond #5 (South End) 29

Pond #5 (North End) 22

Pond #3W (South End) 26

Pond #3W (North End) 27

Pond #l 22

Near CP6 - Stream 18

Near BM3 - Stream 18

11

11

10

10

10

11

11

10

9

10

AHL/WSU, 10/84
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Figure 6. Staff Gage #5 Flow Calibration Curve,
Crooked River, Idaho.
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VI. HYDROLOGIC ANALYSIS

Methods

This chapter explains methods for determining low, average and flood

flows for the Crooked River study area. The relationships used to

determine these flows have been developed in four previous studies:

1. Relationships of low, average and flood flows for streams in the

Pacific Northwest (Orsborn, 1975a).

2. Surface water resources of the Coeur D'Alene, St. Joe and St.

Maries rivers in northern Idaho (Orsborn, 1975b).

3. Magnitude and frequency of floods in small drainage basins in Idaho

(Thomas, 1973).

4. Relationships among streamflow, drainage basin and channel

characteristics (Tsang, 1980).

Based on parameters such as precipitation, differential basin elevation,

stream length, and basin drainage area, these reports contain a series of

relationships for determining streamflow characteristics. Combinations of

these relationships have been applied in this report to estimate the low,

average and flood flows of Crooked River.

Available Information

Precipitation

The average precipitation for the Crooked River area was found to be

approximately 50 inches per year. This information was taken from a U.S.



Weather Service precipitation map of Idaho and confirmed by the Nez Perce

Forest hydrologist. This average precipitation is similar to precipitation

records for the Coeur D'Alene area (Orsborn, 1975b).

Basin Characteristics

Basin characteristics (drainage area, differential elevation, and total

stream length) for the Crooked River basin were collected from U.S.

Geological Survey topographic maps (1:24,000 and 1:250,000). Differential

elevation (H) for the basin was determined to be 0.47 miles. This

elevation, taken from the 1:24,000 scale map, is a measure of the

difference between the upper headwater elevation (longest continuous

contour line at the headwaters), and the base elevation at the site

(Figure 7). Drainage area (A) for the Crooked River basin extends from the

north edge of the study site, upstream to the watershed divide. The 42

square mile area was determined with an electronic digitizer from 1:24,000

scale topographic maps. Total stream length (LS) was digitized from the

same maps and found to be 84 miles. To measure the stream lengths, an

assumption was made that streams depicted as intermittent on the map

(dashed blue lines) were actually perennial. Previous field experience of

the authors has indicated that dense cover in the forested areas typically

inhibits photogrammetric efforts to map the streams in their entirety. Time

constraints precluded a thorough field evaluation of the actual length of

the streams.

In order to check the basin characteristics' hydrologic relationships

determined in the Coeur D'Alene study were used (Orsborn 1975b). Map data

showed a relationship of stream length to drainage area of LS = 2.0(A). The

same relationship for the Coeur D'Alene basin was LS = 1.4(A). To assume

that the Crooked River is similar to the Coeur D'Alene basin (due to
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C R O O K E D  R I V E R  S T U D Y  B A S I N

Available Information

TOTAL
Watershed Parameter STREAM LENGTH

LS : 59;84 mi.

BASIN AREA
AB=42 mi.2

AHL/WSU, 10/84 NOTE:

Figure 7. Crooked River Study Site.

BASIN RELIEF

HB: 0.47 mi.
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similar basin characteristics and climatic data) would yield a total stream

length (LS) of 59 miles, as opposed to the 84 miles measured from the map.

This discrepancy is the result of an uncertainty in the percentage of

intermittent to perennial streams on the topographic maps used. Therefore,

both values for total stream length were used to give a range of values for

estimating streamflows.

Estimation of Flows

Streamflow estimates were calculated using relationships developed in

the four studies mentioned previously and have been summarized in Table 6.

In all calculations involving stream lengths, two values of total stream

length (LS) were used. The value of 84 miles was measured directly from a

topographic map and the value of 59 miles was derived from relationships

developed in the Coeur D'Alene study.

Average annual flow (QAA), or the mean of all annual mean flows for the

period of record, was calculated two different ways. In the first method

(Table 6; Relationship 1) Tsang correlated basin geomorphic parameters with

characteristic streamflows in the St. Maries River basin in northern Idaho

(Tsang, 1980). Average annual flow (QAA) has also been determined using

such parameters as: average annual precipitation (P), drainage area (A),

and a regional coefficient ranging from 0.045 to 0.060 for this particular

hydrologic province (Orsborn, 1975b). Relationships 2 and 3 (Table 6)

determine QAA using the two ranges of coefficients, whereas relationship 4

uses an averaged coefficient. The average annual flow, determined in

relationship 4 to be 110 cfs, will be used as the average value.
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TWO different low flows were calculated, the 'I-day average low flow

with a two-year recurrence interval (Q7L2), and a 7-day average low flow

with a twenty-year recurrence interval (Q7L20). These flows were deter-

mined with relationships developed in the Coeur D'Alene basin study using

total stream length (LS) and differential elevation (H) (Table 6;

Relationships 5,6).

The two types of flood flows estimated (Table 6; Relationships 7,8,9)

were the instantaneous peak floods with a recurrence interval of two years,

based on an annual peak flood series (QF2P), and the instantaneous peak

flood with a recurrence interval of fifty years (QF50P). The relationships

for these estimates were developed as a regional hydrologic model for the

Clearwater basin (Province 2) in Idaho (Orsborn, 1975a). Also, QF2P was

calculated using the Coeur D'Alene study (Orsborn, 1975b) resulting in much

higher flows. For all three calculations, a value of 110 cfs was used for

average annual flow, (QAA).

Average Annual Flow (QAA)

The estimates for average annual flow ranged from 83 to 126 cfs. The

value obtained using the averaged coefficient for the Coeur D'Alene study

(Table 6; Relationship 4) was 110 cfs. This value was to be used as a

first estimate. In order to obtain a range of values for average annual

flow, flow records for a typical wet year (1972) and a typical dry year

(1973) for the Coeur D'Alene basin were examined (USGS, 1973-1974). A

relationship between the average annual flow for the year, and the average

annual flow calculated over the period of record was found for 1973 and

1974 to be:

Average annual flow in wet year (1972) 1.35(QAA)

Average annual flow in dry year (1973) 0.50(QAA)
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The coefficients of 1.35 for 1972 and 0.50 for 1973 found for the Coeur

D'Alene basin are very similar to those found for two representative gaging

stations located near the study site of Crooked River (Figure 8). The

station on the South Fork of the Clearwater River near Elk City, Idaho

(13338500) shows coefficients of 1.36 for 1972 and 0.49 for 1973. The

station on the Lochsa River near Lowell, Idaho (13337000) has slightly

higher coefficients of 1.48 for 1972 and 0.58 for 1973. This can be

attributed to its higher elevation. Therefore, using the relationships

found in the Coeur D'Alene basin, the range of average annual flow values

(QAA) for Crooked River has been estimated to be 55 cfs to 150 cfs.

To confirm the first estimate of average annual flow,(QAA) for Crooked

River, U.S. Forest Service miscellaneous discharge measurements taken at a

station near the mouth of the Crooked River, have been compared to

corresponding daily flows for stations on the Lochsa and the Clearwater

(Table 7, Figure 8, USGS, 1979-1980). A graph of the Crooked River

miscellaneous measurements versus corresponding daily flows on the Lochsa

and the Clearwater show a direct relationship on log-log paper (Figure 9).

There are a few measurements that do not seem to fit the trend. These

measurements were taken during the rising limb of the hydrograph which

predictably would not show a good flow correlation due to the variability

of streamflows during initial seasonal runoff. Better correlations

typically occur during the falling limb of a particular hydrograph when

streamflows have less variablility. With flow relationships between the

three rivers established, average discharge for the period of record

(through water year 1980) for the Clearwater and Lochsa were located on the

graph, and the corresponding average annual flow for the Crooked River

station was found. In order to relate the flow values at the mouth
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Table 7. Miscellaneous Discharge Measurements

Date
Crooked Riverl Lochsa S.F. Clearwater3

Discharge (cfs) Discharge (cfs) Discharge (cfs)

5/24/79

6/06/79

7/19/79

5/26/80

6/03/80

6/11/80

6/19/80

6/24/80

7/30/80

695 19400 4760

181 10400 2150

48 1070 318

308 8610 5350

533 7980 3720

413 8740 2770

444 7130 2600

288 4550 1970

53 901 460

(1) Crooked River Station, near mouth SE 1/4 NE 1/4, Sect. 25, T29N, R7E
(CSFS measurements).

(2) Lochsa river near Lowell, Idaho 613337000 Drainage area = 1180 mi2

(USGS, 1979-1980).

(3) South Fork Clearwater at Stites,
1150 mi2 (USGS, 1979-1980).

Idaho #13338500 Drainage area =

AHL/WSU, 10/84
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AHL/WSU, 10/84 after USGS (1973)

Figure 8. Location of Representative Gaging Stations.
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South Fork Clearwater River (cfs)
[13338500]

Figure 9. Correlations of USFS Crooked River Flow Data to Daily Flows
on Lochsa and Clearwater Rivers.

AHL/WSU, 10/S4
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(Drainage Area = 71 sq. miles), to the flows at the site (Drainage area =

42 sq. miles), the QAA for the Crooked River station was multiplied by the

factor of (42/71). This gave an average annual flow (QAA) of approximately

103 cfs which reinforces the first estimate of 110 cfs.

Low Flows

The range of estimated flows for Q7L2 was from 13 to 18 cfs (depending

on the stream length used) with an average of 15 cfs (Table 6;

Relationship 5). The range of flows for Q7L20 was between 8 and 12 cfs

with an average of 10 cfs. As a check on these estimates, a seven-day

average low flow recurrence interval graph was drawn (Figure 10). The

slope is very close to the slope resulting from flow measurements on the

Coeur d'Alene River above Shoshone Creek (Orsborn, 1975b). The Coeur

d'Alene River above Shoshone Creek is similar to Crooked River in

precipitation and its low flow recurrence interval graph slope of 0.19

verifies the estimate of low flows for Crooked River shown in Figure 10.

Flood Flows

As mentioned previously, two methods were used (Table 6; Relationship

7 and 9) to estimate the instantaneous peak flood with a recurrence

interval of 2 years (QF2P). Both relationships involved QAA and Q7L2 where

Q7L2 varied from 13 to 18 cfs. If 110 cfs is used for average annual flow

(QAA) and an average Q7L2 of 15 cfs is used, the average flood flow (QF2P)

ranges from 830 to 1075 cfs. The first average estimate then was chosen to

be 1,000 cfs. The value of the 50-year flood (QF50P) was previously

estimated to range between 2,275 to 2,681 cfs (Table 6; Relationship 8).

Using another regional relationship developed for Province 2 of Idaho in
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the Pacific Northwest report where QF5OP = 2(QF2P), the 50-year peak flood

would be about 2,000 cfs (Orsborn, 1975a). This value will be used for the

upper design flow estimate.

Maximum daily flow (QFD) can be related to the 50-year peak flood flow

(QF50P) using relationships developed for Maximum Daily and Instantaneous

Peak Floods for Oregon provinces: QFD = 1.2(QFP)O.95 (Orsborn, 1975a).

Assuming the maximum daily flow (QFD) occurs on the same day as the

instantaneous peak flood6 with a 50-year recurrence interval (QF50P),

maximum daily flow (QFD) is determined to be about 1800 cfs.

To confirm these estimates of QF2P and QF50P, data containing 2-year

floods and maximum of record floods for the Clearwater, Spokane, and

Kootenai River basins were analyzed (Table 8). A graph was drawn of flood

discharges (2-year and maximum of record) versus drainage area (Figure 11).

The graph shows that Crooked River, with a drainage area of 42 sq. miles,

should have an average flood (QF2P) of approximately 1000 cfs and a maximum

flood of 2,200 cfs, which approximate the first estimates of QF2P and

QF50P.

With these estimates confirmed, a flood frequency curve can be drawn

(Figure 12). The peak flood flow with a 100-year recurrence interval

(QF100P) read from the graph would be approximately 2,700 cfs.

Duration Curve Estimate

Using the flows estimated previously, a duration curve was developed

(Figure 13). Average daily flow at the site is graphed against the

percentage of time the flow is equalled or exceeded. To plot our

estimations it is assumed that the maximum flow or 50-year flood in this

case is equalled or exceeded approximately zero percent of the time, the

6 True for greater than 95% of the events.
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Figure 11. Flood Discharge Versus Drainage Area for Clearwater, Spokane,
and Kootenai River Basins.

AHL/WSU, 10/84
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Figure 12. Crooked River Estimated Flood Frequency Curve at the
Restoration Site.

AHL/WSU, 10/84



Percent Time Flow Equalled Or Exceeded (%)

Figure 13. Crooked River Estimated Duration Curves at Project Site.

AHL/WSU, 10/84



45

average annual flow (QAA) is equalled or exceeded 30 percent of the time,

the Z-year low flow (Q7L2) is equalled or exceeded 95 percent of the time,

and the 20-year low flow (Q7L20) is equalled or exceeded close to 100

percent of the time. Variability of this curve is estimated using a wet

year like 1972 and a dry year like 1973. The variability in average annual

flows for these two years is used as a guideline to estimate the typical

average daily flows for a wet year and a dry year.
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VII. HYDRAULIC DESIGN OF MEANDER CHANNELS

INTRODUCTION

There are two basic requirements for the design of the "pilot meanders"

which must be considered simultaneously:

1. the hydraulic characteristics to develop a stable channel; and

2. the biological or habitat characteristics of the channel which are

dependent on the channel geometry and its flow characteristics.

The habitat criteria1 will be integrated into the meander design in the next

chapter.

Initially, the meanders will be designed to fit natural criteria

developed from data on other streams in the vicinity. Then these design

criteria will be fit to the site conditions, and then adjusted to meet

constraints such as minimizing excavation.

DESIGN CONSIDERATIONS

In attempting to restore these pilot reaches of Crooked River to a

"more natural" state than currently exists, consideration of channel

geometry must be included in three dimensions (or planes):

1. VERTICAL--plan view of the channel pattern (straight, braided or

meandering);

2. PROFILE--the slope (or gradient) of the stream is related to the

plan view, in that the stream slope controls velocity, and thus

STREAM POWER, the bed material size distribution, and sediment

transport; and

3. CROSS-SECTION--the "hydraulic geometry" of the channel relates

water surface (top) width, mean flow depth and mean velocity to

streamflow at various stages.

As the meander design progressed some constraints which had to be

considered included:

1 Provided by D. Hair, U.S.Forest Service, July 20, 1984; are listed and
discussed later.
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1. fitting the meander channels to the existing "ponds" to help reduce

the amount of excavation;

2. considering possible seepage losses out of the channel;

3. balancing the number and types of habitat features which should be

designed into the meander construction, versus those which should

be allowed to develop over time; and

4. location of the airstrip.

These constraints are addressed as they arise in the design process.

Design Geometry

Plan View

The meander pattern, valley length and stream length are the three

major physical features to be considered in this view.

The meander pattern as it now exists in Crooked River in the project

reach is as shown in Figs. 14A and 14C. Also shown in Figs. 14A and 14B is

the meander pattern for a reach of Tenmile Creek of the same valley length

of about 2.7 miles (this is not the Crooked River project length, but a

comparative valley length). The drop in elevation over the 2.7 ±miles is

200 ft. in both valleys. The following table summarizes the plan view and

gradients of the two streams.

Valley Stream Drop in Stream

Stream Length Length Elevation LS/LV Gradient

Crooked 2.73 2.88 200 1.05 0.0132 (1.3%)

Tenmile 2.73 3.64 200 1.33 0.0104 (1.0%)

(Units) (mi) (mi)

Symbol LV LS

(ft) (-) (-) (%)

D  E Sinuosity D E/LS     S

(P)

_l_l-__--.  ---- -_ __.-___.--^---. .--_ _. _l___-_l__^_ _.-- -- __P



Fig. 14B. Map of Reach of Tenmile Creek Southwest of Crooked River Project Sit::
Used to Develop Natural Meander and Slope Criteria. USGS North Pole
Quadrangle, 1979. Scale--1:24000.



Fig. 14C. Map of Reach of Crooked River in Vicinity of Meander Restoration
Project Site. From USGS Orogrande Quadrangle, 1979. Scale-
1:24000.
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The valley gradients are the same (200 ft. in 2.73 mi.; 0.0138 or 1.4%).

Although the Tenmile Creek valley is about twice as wide as the Crooked

River project valley, the meander pattern maintains a relatively narrow band

as shown in Figs. 14A and 14B. The meander pattern is classified as

"irregular" which indicates that the pattern is controlled predominantly by

the variable consistency of the deposits through which it flows. For

example, the heterogeneous mixture of valley deposits presents the stream

with varying resistances to scour and erosion, such as lenses of clay,

partially cemented layers and deposits of larger bed materials from side

valleys.

The local slope of the existing Crooked River project channel varies

between 1.3 and 1.5 % which closely approximates the average valley slope.

The sinuosity of the existing channel (LS/LV = P), P = 1.05 but should be

closer to 1.33 as it is for Tenmile Creek in the table. This ratio will be

one of the guides in designing the "pilot meanders."

Profile

The slope of Tenmile Creek, used as a natural reference, averages 1%,

but of course local variations are steeper and flatter in bends and straight

reaches, depending on local controls.

The slope of Crooked River in the vicinity of the project is an average

of about 1.4%, but this has been altered somewhat by the installation of

habitat improvement structures.

In designing the two meander "pilot channels" the average design slope

will be about 1%, but local slopes in various parts of the new channels will

vary between about 0.5 and 2%. These will be the average slopes between

control point elevations.

Cross-Section

There are three basic alternative approaches which can be taken when

designing the meander channel(s) in terms of the relationships among width,

depth, velocity and stream flow, or as these features are collectively

called, the "hydraulic geometry."

The approaches are:

1. Match the geometry with natural reaches of Crooked River or nearby

"similar streams";
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2. Develop "regional relationships" among channel characteristics,

design flows and basin characteristics; and

3. Use hydraulic analysis of water surface profiles, shear stress on

the boundaries, and bed material sizes related to that shear

stress, with all of these related to a design flow.

The first method could not be used because no reach of Crooked River

with similar valley slope and materials could be found in an undisturbed

state. Tenmile Creek was too remote to acquire onsite transect data.

But, a U.S. Geological Survey report by Harenberg, et al. in 1980 gave

detailed information on the hydraulic geometry of numerous gaging stations

in the region. Also, a paper by Jackson and Van Haveren (1984), provided

guidance on channel geometries which assist in the re-establishment of

riparian vegetation and other considerations such as structures to provide

stability in the channel banks until vegetation can be established.

Therefore the design process involved four major steps:

1. preliminary design of a channel 30 ft. wide at the bottom with 1:1

side slopes as exist in the dredge spoils with a uniform 1% bed

slope;

2. development of regional channel design characteristics using

bankfull flow (assumed to be a 2-year flood) for design;

3. comparing, verifying and adjusting the first two designs to fit

with channel sections having flood plains for flows greater than

the 2-year flood; and

4. fine-tuning the design to fit the project site constraints such as:

(a) the existing contours;

(b) the existing swales and ponds;

(c) the elevation of the new meander channels with respect to the

road; and

(d) the location of the north end of the airstrip.

Meander Hydraulic Geometry

The design flows used to calculate depths, water surface profiles and

shear stress in channels of various geometric cross-sections were:
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Fifty-year flood: QF50 = 2000 cfs

Two-year flood: QF2 = 1000 cfs

Average Annual Flow: QAA = 110 cfs

7-day, 2-yr., and Q7L2 = 15 cfs

20-yr. Low Flows: Q7L20 = 10 cfs

These flows were determined by the methods described in the section on

HYDROLOGIC ANALYSIS.

Comparing the ratio of 50-year to two (2)-year floods for other gaging

stations in the vicinity, it appears that the 2-year flood may be on the ,

order of only 800 cfs, rather than 1000 cfs. This assumes that the 50-year

flood of 2000 cfs is approximately correct, as verified in the hydrologic

regional analysis.

These design floods were used in the hydraulic design of the two new

pilot meanders:

1. PRELIMINARY DESIGN

Bottom width (B) = 30 ft., 24 ft.; side slopes 1:1 and 1:2, no

flood plain; calculate normal mean depths and critical2 depths for:

(a)

(b)

uniform bed slope; and

various bed slopes to give desired bed material sizes and

habitat conditions.

The normal and mean depth were calculated for flows of 2000, 1000 and

100 cfs. Low flows will follow the thalweg which will not cover the full

width of the channel. The results of the preliminary analysis are

summarized in Table 9.

A sketch of channel cross-sectional geometry, related to bottom widths

and side slopes, and a nomenclature sketch, are presented in Figure 15.

2. DESIGN USING REGIONAL CHANNEL CHARACTERISTICS AND BANKFULL FLOW

Using data from Harenberg et al. (1980) the information on seven

gaging stations, covering a range in drainage basin sizes which

bracketed Crooked River (42 sq. mi.) at the meander site, has been

summarized in Table 10. The relationships between: Bankfull flow,

2 Transition depth between mild slopes (glide, pool) and steeper slopes (in
riffles).
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Table 9. Preliminary Analysis of Crooked River Meander Channel Geometry and
Depth Related to Bed Slope, Side Slopes and Discharge.*

Bottom Side Bed Roughness Normal Critical
Flow Width Slope Slope Factor Depth Depth
Q B Z S n
(cfs) ( f t )  ( - )  ( - ) ( )

yn
(ft)

yc
- (ft)

2000 24

30

1000 24

30

100 24

30

2000 30

1000 30

100 30

1:1
1:2

1:1
1:2

1:1
1:2

1:1
1:2

1:1
1:2

1:1
1:2

1:1

1:1

1:1

0.015

0.015
0.010
0.007
0.005

0.015
0.010
0.005

0.015
0.010
0.005

0.036 5.92
5.44

5.23
4.91

3.95
3.72

3.46
3.32

0.040 1.06
1.05

0.93
0.92

0.036 4.63
5.30
5.89
6.50

0.036 3.11
3.51
4.32

0.040 0.84
0.94
1.16

5.54
5.16

4.89
4.64

3.59
3.42

3.14
3.04

0.81
0.80

0.70
0.70

4.89

3.14

0.70

*See Fig. 15A for nomenclature. Calculated values using Manning's
equation for assumed "n" values based on Barnes (1967) and field
observation.



A. Nomenclature for Channel Geometry

B. Cross-Sectional Area and Side Slope
For B = 30 ft. and D= 4 ft.

Ratio
B (ft.)    q °  w (ft.) (B + W)/2 Area (Sq. ft.) A q /A45

30 20 52 41 164 1.20
26.5 46 38 152 1.12
30 44 37 148 1.08
45 38 34 136 1.00

Fig. 15. Channel Nomenclature and Flow Areas.



Table 1O. Gaging Stations and Channel Characteristics Used in Regional Design Analysis*

BANKFULL CHANNEL GEOMETRY
Drainage Bankfull Average

Station
Average

Area Flow, QB Precipitation Annual Flow, QA
Top Width Flow Area Mean Depth

WB AB DB
No. Station Name (sq. mi.) (cfs) (in./yr.) (cfs) (ft) (sq. ft) (ft)

12411000 Coeur d'Alene R.nr. 335 5460 52 725 171 855 5.0
Shoshone

12413140 Placer Cr. nr. 15 330 52 39 44 67 1.5
Wallace

12414900 St. Maries R. nr. 275 2440 42 361 120 532
4.4

Santa

13336100 Meadow Cr. nr. 241 4400 45 437 111 454 4.1
Lowell

13336850 Weir Cr. nr. 13 137 -- -- 31 34 1.2
Powell RS

13339700 Canal Gulch Cr. nr. 6 46 -- -- 16 19 1.0
Pierce RS

13341400 E.F. Potlatch R. nr. 42 496 46 60 40 92 2.3
Bovill

*Station data from Harenberg et al. (1980).
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QB (the 2-yr. flood, QF2 = 1000 cfs at the Crooked River project);

Flow Area, AB, at bankfull flow; and Top Width, WB, at bankfull

flow are related to drainage basin area (DA) in Figure 16.

Design equations developed from Figure 16 are:

Bankfull Flow: QB = 28.0 (DA) 0.90

Bankfull Area: AB = 6.0 (DA) 0.82

Bankfull Top: WB1 = 14.0 (DA) 0.37 (Upper)

Width (Range of Values) WB2 = 6.6 (DA) 0.50 (Lower)

An analysis of the Upper Salmon River channels by Emmett (1975) yielded

the following similar equations: (averages)

QB = 28.3 (DA) 0.69 UPPER SALMON

AB = 5.6 (DA) 0.65 RIVER EQUATIONS

WB = 8.1 (DA) 0.38; and a mean depth equation of

DB = 0.69 (DA) 0.27.

Referring to Figure 17 the regional equation for depth at bankfull is

DB = 0.50 (DA) O-39.

These equations predict DB = 1.9 and 2.1 ft., respectively, at the project

site. Average annual flow (QA and QAA)3 is shown in Figure 17 also.

Using the Crooked River Project drainage area of 42 square miles yields

the following design features from Figures 16 and 17:

Bankfull Flow: QB = 810 cfs

Bankfull Area: AB = 129 sq. ft.

Top Width (Range): WB = 42-56 ft.

Mean Depth: DB = 2.2 ft.

Average Flow: QA = 107 cfs; Confirms 110 used in Hydrologic

Analysis for P = 50 in/yr ±.

To check these design values, data from Harenberg et al. (1980) was

plotted from Table 10 relating the channel top width (WB), mean depth (DB),

and flow area (AB) to bankfull flow (QB) as shown in Figure 18.

3 QA is used to concur with USGS nomenclature, and is the same average annual
flow (QAA) in the HYDROLOGIC ANALYSIS Chapter.



DRAINAGE AREA, DA (SQ. MI.)

Fig. 16. Regional Analysis of Bankfull Flow (QB), Flow Area
(AB), and Top Width (WB) Related to Basin Drainage
Area (DA).
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1000

6 0 0

10

DRAINAGE AREA, DA (SQ. MI.)

Fig. 17. Average Annual Flow and Bankfull Depth Related to
Basin Drainage Area in Study Region.
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6 0 0

2 0 0

6 0

2 0

6

2

1
4 0  6 0  1 0 0 200 400600 1000 2000

BANKFULL FLOW, QB (CFS)

Fig. 18. Bankfull Flow Area (AB), Top Width (WB), and Mean Depth
(DB), Related to Bankfull Flow (QB) in Study Region.
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The equations resulting from this analysis are:

Flow Area: AB = 0.25 (QB) 0.95

Top Width: WB1 = 2.5 (QB) 0.50

(Range) WB2 = 1.8 (QB) 0.50; and

Mean Depth: DB = 0.3 (QB) 0.38.

These equations, using a range of bankfull flows of 800-1000 cfs, yield

the following channel sizes for a bottom width of 40 ft. and 2H:1V side

slopes:

Bankfull Bankfull Top Widths Mean Depth

Flow, QB Area, AB WB1 WB2 DB

(cfs) (Sq. ft.) (ft.) (ft)

800 143 71 51 2.5

1000 179 79 57 2.8

The most consistent values for channel geometry and bankfull flow,

based on the regional data, are:

Bankfull Flow: QB = 900 cfs

Bankfull Area: AB = 150 sq. ft.

Bankfull Top Width: WB = 55 ft.

Bankfull Depth: DB = 2.5 ft.

Based on the continuity equation (QB = AB x VB), VB = 900/150 = 6.0 fps

is the mean velocity.

Using the table at the bottom of Figure 15, for a side slope of 45°,

and DB = 2.5 ft, AB = only 81 sq. ft. (q = 20°, AB = 92 sq. ft.).

Therefore, the bed width B will need to be increased to about 36 ft

(B). Then, for q = 20° to enhance vegetative growth, and DB = 2.5 ft., WB =

50 ft.
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If DB = 3.0 ft (controlled by channel slope), then for q = 20°, B = 40

ft.; WB = 56.4 ft. and AB =.145 sq. ft. and VB = 900/145 = 6.2 fps.

The depths, calculated for 1000 cfs for various slopes and recorded in

Table 9, showed YN
4 = 3.3 ft. and YC = 3.0 ft. for B = 30 ft. For B = 40

ft., YN = 2.4 ft at 1000 cfs.

If DB = 3.0 ft., for a side slope of 2H:1V, B = 40 ft., WB = 52.0 ft.,

AB = 138 sq. ft. and VB = 6.5 fps. If QB = 800 cfs, VB = 5.8 fps, about 11%

less than at 900 cfs. It would probably be best to make the bank height

only 2.0 ft. (DB) so that the flow would spread onto the flood plain more

frequently, and accelerate habitat development. Also, the base width of the

channel (B) could possibly be reduced to say 35 ft. which also would

encourage more frequent flood plain flow. For these two base width (B)

conditions of 35 and 40 ft., bankfull flow (as a function of slope), would

be about as shown in Table 11, for a roughness coefficient (n) of 0.036 in

Manning's equation and side slopes of 2H:1V.

Table 11. Bankfull Flow Related to Channel Bottom Width and Slope for 2:1

Side Slopes and Bankfull Depth of Two Feet

Bottom Width, Bed Slope,

(B), ft. (S) ft.

Bankfull Flow,

(QB), cfs.

35 0.005 333

0.010 470

0.015 577

0.020 666

40 0.005 370

0.010 524

0.015 640

0.020 740

4 YN and YC are normal and critical depths in the trapezoidal channel with
a 40-ft. wide base (B) and 1:2 side slopes.
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It appears that narrowing the channel to 35 ft. at the base might cause too

frequent overtopping of the banks,and/or channel widening due to higher

velocities. Therefore,it appears to be best to hold the bottom width (B)

at 40 ft. and reduce the flood plain (bankfull depth, DB) to 2.0 ft. ±

above the meander channel bed.

Depending on the channel slope,normal depth will be greater or less

than critical depth, providing either pools or riffles, respectively.The

design profiles, velocities,sizes of bed materials, and channel geometry

are discussed in the next sections.

Comparison of Channel Size With Other Empirical Methods

Based on the work done elsewhere in other gravel-cobble streams, the

estimated size of the bankfull channel, derived from the regional analysis,

was compared with extra-regional equations.Kellerhals (1967) developed a

series of equations for the geometry of straight reaches of gravel-paved

stream beds in metric units:

Using Eqs. A, D, E, and F, the top width, (W), mean depth, (D), mean

velocity (V) and Slope (S) for normal depth were calculated for the average

annual flow of 100 cfs, and flood flows of 1000 and 2000 cfs, as shown in

Table 12.
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Table 12. Channel Geometry Estimation for Crooked River Based on Gravel

Stream Equations from Kellerhals (1967)

Equation For

Discharges, cfs

100 1000 2000

A W (m) 5.5 17.4 24.6

(ft) 18.0 57.0 81.0

D D (m) 0.33 0.84 1.11

(ft) 1.10 2.80 3.60

E V (mps) 1.6 2.0 2.1

(fps) 5.1 6.5 7.0

F s (-) 0.015 0.005 0.004

These channel characteristics, when calculated using the regional analysis

of channel parameters, gave (for Q = QBF = 1000 cfs), WB = 52.0 ft.,

DB = 3.0 ft., and VB = 6.5 fps, very close to the values in the fourth

column in Table 12.

Estimated Bed Material Sizes Related to Channel Slope

Using information on the relationships between mean grain diameter

(D50) and channel slope (S) from Jackson and Van Haveren (1984, Table 1, and

Fig. 4, pages 698, 699), an equation was developed such that

D50 = 4054 (S)1.13.

The data for this equation were taken in a stable reach of Badger Creek,

Colorado for which the authors were trying to reconstruct a disturbed

meadow. The graphical relationship for this equation is shown on the left

side of Fig. 19. In addition, the stream power was calculated from the
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Badger Creek data and plotted versus D50 on the right side of Fig. 19

yielding the equation

D50 = 800 (VS)0.81

where V = the mean velocity at bankfull flow in m/s, S is the slope and D50

is the mean grain diameter in mm.

Applying these equations to crooked River under the design conditions

of bankfull flow (QB = 1000 cfs, VB = 6.5 fps) the anticipated mean grain

size on the bed can be related to the design slopes as shown in Table 13.

Table 13. Estimated Mean Grain Diameter on Streambed (050) Related to

Stream and Stream Power at Bankfull Flow

Estimated D50, mm**

From

Bed Bankfull Mean Velocity, V Stream From Stream

Slope, S Flow, QB, cfs* ft/sec m/s Power, VS, m/s Slope Power

(1) (2) (3) (4) (5) (6) (7)

0.005 300 3.4 1.05 0.005 10.1 11.1

(0.40) (0.44)

0.010

0.015

425

520

4.8 1.46 0.015 22.3 26.6

(0.88) (1.05)

5.9 1.80 0.027 34.8 42.9

(1.37) (1.69)

0.020 600 6.8 2.10 0.042 49.2 61.4

(1.94) (2.42)

*Flows from Table 11, but reduced by 20% to account for n = 0.045 (see text).

**Values in ( ) are in inches.
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The agreement between the values in columns (6) and (7) is quite good.

Referring to Fig. 19, note that the left graph is for average values (Col.

6), whereas the right graph is drawn through the upper data points (Col. 7).

Also, the right graph for stream power (Col. 7, VS) uses velocities

estimated from Manning's equation using the roughness factor n = 0.045.

Therefore, the grain diameters in column (7) were estimated using n = 0.045,

the channel bed width (B)= 40 ft, and the bankfull depth, DB = 2.0 ft. If

n = 0.036, as was estimated for the Crooked River meanders, the values

calculated for D50 in column (7) would decrease by about 20%.As n

decreases, velocity increases, and D50 would decrease by about

(0.045/0.036)0.81 = 1.20, or 20% smaller in the calibration graph.

Had n = 0.036 been used in the original calibration data from Badger

Creek, the right graph in Fig.19 would have been shifted to the right, thus

predicting smaller D50 values,by about 2O%, for the same stream power.

So, in the Crooked River case using n = 0.036, we should have D50

values about 20% larger than those using the graphs and equations in Figure

19.

Size distributions were not run on the Crooked River bed materials, but

depending on the parent material and slope, the sizes would range about as

shown below

Slopes D16

Sizes

D50 D84 (inches)

0.005 (-) 0.50 (-)

0.010 0.30-0.40 1.00 4.0-5.0

0.915 0.50-0.60 1.50 6.0-7.5

0.020 0.75-0.90 2.25 8.0-24.0
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MEANDER CHANNEL LAYOUT IN PLAN, PROFILE, AND TRANSECT

Introduction

Drawings A, B, and C, which depict the site plan, survey controls,

cross-sections (transects) and meander layouts are located at the back of

this report.

All of the site water bodies (the existing streams and the various

ponds) are shown in Drawing C, which includes the original survey control

and preliminary route lines for the two meanders. Water surface elevations

taken during several of the site visits, are recorded in Drawing C to

provide information on the stream profile. After the original survey

controls were vandalized (except CP-7, CP-8, CP-10, and BM-3), the site had

to be re-surveyed and the control system re-established.

This final survey was completed on October 19-20, 1984. This control

system and the centerlines (P-lines) for the two meanders are shown in

drawing A. To avoid a possible second destruction of the survey, all the

control points (CPs) were spray painted with orange paint and buried under

cairns. In addition, the CPs were tied in with measurements from blazed

trees. Also, the P-lines were thoroughly cleared of trees so that the

routes are obvious, and the stations (0+00, 0+50, etc.) were spray-painted

orange on rocks every 50 ft. Notes describing the location and

triangulation points of the final survey are in Appendix II of this report

after the list of references.

Description of Meander Channels

The details of the two meander channel locations, curvatures, stations,

bed elevations, transects and relations to existing ponds are presented in

Drawing C. After it was considered at the meeting on February 13, 1985, not

to construct the meanders, the transects for the downstream meander were not

laid out in Drawing C. Also, there was not time on October 19-20 to

re-survey and stake the transects in the downstream meander. This will have
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to be done if the meander is to be built. But, the cross-sections for the

upstream meander (No. 1) which are shown in Drawing B are typical of

transects throughout the meanders.

Meander Plan View

As described in previous sections on the hydraulic geometry of the

channel, the natural meander patterns in these valley systems are

"irregular." This indicates that they are relatively unstable, and the

meanders translate laterally and downstream as "softer spots" are eroded

more rapidly than other parts of the banks. In order to stabilize the new

meanders more rapidly, so that the riparian zone would re-establish more

quickly, these meanders were designed with a uniform, long radius of

curvature.

RC = 2.5 (WB)

where RC is the center radius of curvature, which in natural channels

averages about 2.5 times the width of the channel at bankfull flow. For our

original channel, flowing 3 ft. deep (DB) at bankfull, with 2H:1V side

slopes, and 40 ft. wide at the base (B), the top width (WB) would be 52 ft.

For the suggested revised channel with the lower flood plain (DB = 2 ft.

instead of 3 ft.), the top width would be 48 ft. Therefore, a radius of

curvature (RC) of 2.5 (50), or 125 ft., was used to blend the new meanders

into the existing stream channel and to fit them into the ponds.

The plan views of the meanders are shown in drawing B along with the

layouts on the stationed P-lines which were thoroughly cleared last October.

Meander Profiles

The bed elevations of the upstream meander are shown on the centerline

of the transects in Drawing B. These elevations control the slope in each

reach of the meanders.
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The details of the profiles, including stations on the centerlines,

ground elevations, meander (channel) bed elevations, center cut depth and

notes on the channel slope and special features are listed in Table 14 and

Table 15. Due to the shifting in routes between the preliminary (7/4/85)

and final (10/20/85) surveys, the loss of some survey markers, and shortage

of time, some of the ground elevations on the centerline had to be

estimated. The various meander slopes govern the sizes of the bed material

as discussed in the previous section (Table 13). All the changes in grade

will have to be stabilized with logs set at the control elevations. These

features are discussed in more detail under Habitat Improvement Features.

Meander Channel Transects and Capacity

The transects for the meander channels, as shown for the upstream

meander in Drawing B, are based on a standard cross-section shown in the

center of Figure 20. The bottom (B) is 40 ft. wide, side slopes are based

on a relatively flat grade of two horizontal to one vertical and the flood

plain height is 3 ft. in the center sketch. As was discussed earlier, the

flood plain could be lowered one foot (DB = 2 ft) so that the plain would be

inundated more frequently and encourage the establishment of riparian

vegetation.

The next factor to consider is that if the bankfull depth of flow is

set at DB = 2 or 3 ft., which portions of the channel on certain slopes

(Tables 14 and 15) will overtop at a certain discharge. The left hand

series of graphs (parallel lines) in Fig. 20 shows discharge (flow) related

to depth (y = 1 to 5') and to slope (S = 0.005 to 0.020, or from 0.5 to 2%).

The parallel lines indicate that for each depth (y) above the bed there is a

general equation for flow such that

Q = C (S)0.5.

This is just a condensed form of the Manning equation solved for the given

channel shape at each depth from 1 to 5 ft. and for n = 0.036.
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Table 14. Profile Along Upstream Restored Crooked River Meander Centerline*

Station on Ground Channel** cut
Centerline Elev. Bed Elev. Depth Notes

(ft) (ft) (ft) (ft)

-(1+00) 993.0 993.0 0.0

0+00 100.4 992.0 8.4

0+50 999.2e 991.8 7.4

1+00 998.0e 991.5 6.5

1+50 993.0e 990.8 2.2

2+00 992.3 990.0 2.3

3+00 990.0 998.0 2.0

3+50 Pond No. 1 bed elev.984.0

4+00 991.5 988.0 3.5

4+50 992.5 987.5 5.0

5+00 988.2 987.0 1.2

5+50 991.8 986.5 5.3

6+00 990.4 986.0 4.4

6+50 988.3 985.5 2.8

7+00 993.0 985.0 8.0

7+50 984.9 984.5 0.4

8+00 984.0 984.0 0.0

1.0% slope to Sta. 0+00

0.5% slope (0+00)-(1+00)

1.5% slope for 100 ft

Fill left side

2.0% slope for 100 ft

1% slope to end, Sta. 8+40

Fill left swale

0.5 drop every 50 ft with

notched sill logs

Rebuild habitat structures

downstream to next meander.

Return to stream just above
Crib No. 1.

*Based on survey of 10/20/84.Refer to Drawings A and B at back of
report for, locations.e, elevation estimated.

**Meander bed elevation.
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Table 15. Profile Along Crooked River Downstream Restored Meander Centerline*

Station on Ground Channel** cut
Centerline Elev. Bed Elev. Depth Notes

(ft) (ft) (ft) (ft)

-(0+50)

0+50

0+90

1+90

2+90

2+90 to

4+90

978 .0 978 .0 0.0 Existing streambed

988.0e 977 .0 11.0 1% slope to sta. 1+90

987.0e 976.6 10.4

983.0e 975.6 7.4 Slope 1.5% (1+90)-(2+90)

974.0 974.0 0.0

4+90: Pond No. 8

976.0 974.9 1.1 1.4% slope, with 0.7 ft drop

every 50 ft using notched

log structures to Sta. 7+90.

5+40 979.3 974.2

5+90 979.0e 973.5

6+40 981.0e 972.8

6+90 980.0e 972.1

7+40 976.0 971.4

7+90 971.4 970.7

8+40 970.0 970.0

5.1

5.5

8.2

7.9

4.6

0.7

0.0 Return to existing stream

just above Crib No. 5.

*Based on survey of 10/20/84. Refer to Drawings A and B at back of
report for locations. e, elevation estimated.

**Meander bed elevation.
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When the depth of flow exceeds 3 ft., the dashed lines (above the solid

lines for y = 4 and 5 ft) indicate the total flow including channel plus

flood plain flow. The difference between the pairs of dashed and solid

lines indicate the relatively small amount of flood plain flow on the two,

10-ft. wide plains, or one, 20-ft. plain. As the riparian vegetation

develops on the 2:1 side slopes and flood plains, the flow resistance will

increase. As a result, a larger portion of the flow will be forced to

remain in the central channel, thus increasing the depth. Through this

process, either at a natural rate of change, or accelerated by shoreline

plantings and other steps, the natural stream meander will stabilize. To

complete the general analysis of the relationships among flow, depth and

slope, the coefficient (C) is solved for, on the right side of Figure 20, as

a function of depth.

For depths less the bankfull (DB) = 2 or 3 ft), the value of the

coefficient is

C = 1650 (y)1.7

where 1650 is the intercept at y = 1 and 1.7 is the slope of the graph

(solid line with arrow from the above equation in the center of Figure 20).

If the flow depth exceeds the bank height for DB = 2', the coefficient will

be determined by the equation of the dotted line such that

C = 1400 (y)2 for y > 2 ft.

If the flood plain is 3 ft. above the bed (DB = 3 ft), then the coefficient

is defined by the solid line in the upper right corner and

c = 1200 y2 for y > 3 ft.

The dotted and long-dashed lower graphs are merely extensions to y = 1 ft.

to demonstrate the locations and values of the new coefficients (1200, 1400,

and 1650).
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By substituting the three equations for the coefficient (C) as a

function of depth (y) into the general equation, a set of governing

equations can be developed as presented in Table 16.

Table 16. Equations Relating Flow in Crooked River Meanders to Depth of

Flow, Flood Plain Height, and Channel Slope

Range of

Flow Depth,

Y, ft. Equation Conditions

o-2 Q = 1650 (y)1.7 (S)0.5 Bankfull Depth,

DB = 2 ft

>2-5 Q = 1400 (y)2 (S)0.5 -do-

o-3 Q = 1650 (y)1.7 (S)0.5 Bankfull Depth,

DB = 3 ft

>3-5 Q = 1200 (y)2 (S)0.5 -do-

The relationships among discharge, depth, slope, and flood plain flow can

be examined in the series of parallel lines on the left side of Figure 20,

and some conclusions drawn regarding limiting slopes and discharges which

affect channel design.

For a 2-ft. flood plain height, the flood plain will be overtopped for

all slopes ranging from 0.5%-2.0% at discharges ranging from about 370-740

cfs. This means that almost every year the entire reach of flood plain (on

all slopes) will be inundated.

If the flood plain is 3 ft. above the channel bed, then for channel

reaches with slopes of 0.5%-1.0% (0.005 - 0.010 on bottom scale), it will

overtop between 760-1100 cfs. The average annual peak flood was estimated

to be about 1000 cfs. The peak flow is not as important for flood plain

development as are the three-day and seven-day average high daily flows.
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For streams in the vicinity of Crooked River (Lochsa, Selway, South

Fork Clearwater, and North Fork Clearwater) several years of record showed

that the average one-day high flow runs about 75-80% of the instantaneous

peak flow in the South Fork basin. For all the basins there is a solid

relationship between the seven-day average annual high flow and its related

one-day high such that

Q7H = 0.08 (Q1H)1.25.

So, for a two-year peak flood of 1000 cfs (considered to be natural bankfull

flow, QB), the one-day high would be about 750-800 cfs.

The seven-day average high flow would be about

Q7H = 0.08 (800)1.25 = 340 cfs.

The three-day high is related to the one-day high approximately by

or, for Q1H = 800 cfs,

Q3H = 0.18 (Q1H)1.17

Q3H = 450 cfs.

This means that there is a 50% chance in any year that (referring to Figure

20, lower left two lines) for a 2-ft. flood plain  bank height:

1. All parts of the floodplain with channel slopes from 0.005-0.020 will

be overtopped by the one-day average high flow (Q1H) of 800 cfs;

2. The flatter slopes of 0.005-0.010 will be inundated for about three days

(Q3H = 450 cfs); and

3. Only the flood plains on the channel reaches with a slope of 0.005 will

be inundated for longer than three days (Q7H = 340 cfs).
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So it appears that the decision to reduce the bankfull depth (flood plain

height) from three to two feet is a positive step towards improving the

generation on good riparian vegetation. Flows less than the average

seven-day high flow will still reach the root zone and provide silt on the

2:1 side slopes.

An estimate can be made of the amount of flood plain area that will be

inundated as a function of slope and discharge, by combining the information

in Tables 14 and 15 on channel slope with the hydraulic geometry in Figure

20 and the relationships among one-, three-, and seven-day high flows. The

results of this analysis are shown in Table 17.

Although the flood plains are planned to be only a total of about 20

feet wide, this width is controlled by the design objective of minimizing

excavation costs, and if space is available they should be 20-30 ft. wide.

When the channels are flowing approximately five feet deep above the bed

(2-3 ft above flood plain) the flattest (0.5%) channel will just be able to

initially pass the 50-year peak flood of about 2000 cfs. When the flood

plains are unvegetated the total flow capacity will be about 2200 cfs. To

allow for future reduced flow capacity of the flood plain due to vegetation,

as a general rule there should be at least two feet of freeboard on low

embankments to contain the flows. Overtopping would not cause problems if

the top of the bank was relatively flat for a long distance, such as west of

Pond No. 1. But if the embankment had been constructed on fill, the outside

slope should be graded at least 3H:1V to help avoid breaching.

-_-_ ---- - -- ----^_- .-_-- -_I
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Table 17. Flood Plain Area Inundated in Meanders as a Function of Channel Slope
and Average Flood Flow.

Stations
from Tables
14 and 15 Notes

Upstream Meander

I 100
100

100
400

Downstream Meander

200

400

8000

100
100

100

350

-1+00 0+00
0+00 1+00
1+00 2+00
2+00 3+00
3+00 4+00
4+00 8+00

Entrance

Steep into Pond.
Pond No. 1 level.
Log drops at 1% every

50 ft. (0.5 ft).

-0+50 1+90
1+90 2+90
2+90 4+90
4+90 8+40

Total Lengths for Each Slope

550 I 100 1 1790 ft

Total Area in Flood Plain*

11000 I 2000 I 35,800 sq. ft

Entrance.
Approach to Pond No. 7.
Pond No. 7.
Log drops at 1.40% every

50 ft. (0.7 ft).

Flood Plains Inundated for the Slopes and Discharges Shown

Areas Discharges (cfs)

X X
X X
X X
X

X
X
X

2000 (50-Year Flood)
1000 (2-Year Flood)
800 (Average Maximum Daily Flow)
500 (Q3H)
350 (Q7H)

*Two 10-ft wide flood plains, one each side of channel; or one 20-ft flood
plain on one side. Flood plains can be wider, but this is all the width
required to pass 2000 cfs if 2 ft. of freeboard are added for safety.

_ _ - _. . I -___----I. .__-__- -~.. - --- -----___



79

VIII. HABITAT FEATURES

Introduction

One of the most important habitat improvement features associated with

the pilot meander(s) will be the inclusion of flood plains. These will, by

being set lower than normal, be inundated more frequently and for longer

periods of time.

A major consideration in the selection and design of habitat features

for a restored (new, raw, inert) channel is the rate at which the decision-

makers wish to have the channel return to a more "natural" state. The

approach taken in this report will be to recommend a series of steps and

features to accelerate the development of potential habitat volume and

diversity. Then, the managers can decide which features will be installed

initially, thus governing the potential rate of habitat development.

The installation, during channel construction, of an aggregate sorting

and mixing plant is well worth considering. Then fines could be placed on

flood plains, spawning gravels could be mixed and placed in certain reaches

and riprap (largest available natural materials) could be stockpiled. The

plant could be included in the call for bids as a separate item, and then be

rejected or accepted as part of the award. This activity would certainly

assist in the acceleration of habitat diversity.

A series of recommended habitat features is discussed, their typical

design features are presented and their recommended locations are noted on

sketches of the meanders.

General Classification of Habitat Features

Habitat features are considered to be any aspect of the meander design

which assists fish' in spawning, incubation, rearing or migration, plus the

installation of specific habitat improvement structures or augmenting

features such as plantings.

There are three general categories of habitat features which can be

considered for the meanders:



80

(1) Those which are ancillary parts of the hydraulic design of the channels

(such as bed elevation control sills [logs], bed material sizes as

governed by slope; drop structures to stabilize the channel gradient;

riffles, pools, riprap, floodplains and backwater rearing areas in

abandoned channels);

(2) Habitat specific structures installed to create diversity and to meet

specific life stage needs of the fish (such as isolated and clustered

boulders, flow deflectors, drop structures to trap spawning gravels

and/or create rearing pools, deflectors to control the thalweg and

create depth diversity, and access to backwater rearing areas); and

(3) Features which accelerate the natural rate of habitat development (such

as introducing spawning gravel, bank shaping and revegetation or

seeding, and introducing overhanging shore cover and woody debris).

Over time, the structures installed to stabilize the channel (Category

1) will deteriorate, but by then the channel will be adjusted to a more

diverse state, and stabilized with vegetation, woody debris and natural bed

and bank armoring. The habitat criteria for the project, as provided by Nez

Perce National forest are listed in Table 18.

Description of Habitat Features

Category 1: Channel Hydraulic Design Features

1.1: Streambed Elevation Control Logs (Fig. 21)
Functions .--set a predetermined elevation on the channel bed; hold
elevations at changes in channel gradient; stabilize cross-sections in
bends; provide same function as natural woody debris.

Applications.1 --at places where bed elevations are to be stabilized;
in bends.

1 See Drawing B at back for orientation and stations, and other subsequent
figures.

- _ .---- -- .- -II___--_ . - -____ - -~--- -___ ________~
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Table 18. Habitat Criteria for Potential Restored Meanders*

Symbol Description Units

P:R

SG

PD

RV

B

BV

S

UB

SW

Pool to Riffle Ratio

Spawning gravel sizes sorted in riffles

Pool depth

Streambanks suitable for revegetation

Boulders for cover and flow deflection

Bank vegetation

Stream shading

Undercut banks

60:40

l-3 in.

2-6 ft

Slackwater in pools and/or backwaters for rearing

*Received from Don Hair, Nez Perce National Forest, 7/20/84.

._- ~. _---A.--“__-. .__--- __ --_ _ - ---



Profile I

Profile Elevations in Table 15

Scale: 1" = 50'

Fig. 21. Buried logs set to control bed elevations on bends and at changes
in gradient.
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Characteristics --9- to 12- inch logs with hardware cloth or filter
blankets buried upstream; no mud sills; set flush with bed; imbed 8-10
feet in bank; riprap shore ends; set in series on same gradient as
channel.

1.2: Drop Structures (Fig. 22)

Functions .--stabilize channel at high flows; dissipate energy in
drops and pools to hold channel gradient; provide habitat in the form
of pools, cover, rock interstices and spawning gravels up- and
down-stream.

Applications. --from outlets of Pond No. 1 (Upstream Meander) to
existing stream channel (Stas. 4+00 to 7+50); and from Outlet of Pond
No. 8 (Downstream Meander) to existing stream channel (Stas. 4+90 to
7+90).

Characteristics .--larger (18-24 inch) single logs (or three, g-inch).
with mud sills and hardware cloth or filter blankets upstream; set on
design elevations based on channel gradient at tops of logs; ends
imbedded 6-8 feet into bank; use riprap on ends and deadmen if not
buried deep; or use K-dam construction if desired to create more
diversity in habitat downstream; notch logs in center for passage flow
(see design of weir in Table 19).

1.3: Riprap (Figs. 21, and 22)

Functions .--integrated, larger rock placed in a continuous area to
protect a reach of shore, or a structure, from erosion is the main
category of riprap. The ends of the control logs and drop structures
mentioned earlier are protected with riprap. Local large, loose rock
should be placed downstream of the drop structures to armor the pools.
Provides additional interstitial cover for rearing.

Applications. --along the outside bank of bends; on faces of fills
which are at the outside edges of the flood plains; heavy applications
for about 60-80 feet downstream of bends (e.g., Sta. 2+20 - 3+00 on
Meander No. 1) because of shear concentration there.

Characteristics .--use largest available local cobble materials, 6-9
inches for most applications; place on top of graded materials on
bank slopes; use quarried larger rock (graded 6-24 inches) downstream
of bends on outside banks at toes, with local cobble uphill from toe.
Quarried rock (6-18 inches) should be used for shore riprap downstream
of drop structures. Local cobble can be used for armoring pools
downstream of drop structures.

1.4: Flood Plains (Fig. 21)

Already discussed in detail.

~ __-___ p_-I---l--_-i- --_ _-. _ .-li- -- ~-.I - _ - --_
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Not all riprap and
habitat rocks shown,
just typical examples.

Fig. 22. Location of Drop Structures, End Riprap, Pool Scour Riprap and
Boulder Clusters.
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1.5: Backwater Rearing Areas (Fig. 23)

Functions .--provide appropriate scale of velocity, cover and food
for rearing fish; provide secure area during high water for smaller
anadromous and resident fish; encourages accelerated vegetative
growth; accumulates woody debris; accumulates fine sediments.

Applications. --just upstream (south) of the downstream ends of the two
meanders in the abandoned sections of the existing Crooked River
channel. Seepage from the underground system will feed these areas,
even during low flow periods. High water will keep access channels
open, deposit silts and floating debris to create nursery areas.

Characteristics. --previously described. Can add woody debris from
east shore. No special design features required. Will function
naturally.

Category 2: Habitat Specific Structures

2.1: Boulders (Figs. 24, 25, and 26)

Functions. --singly (Fig. 24), in clusters of two to five (Fig. 25), or
in larger clusters to serve as deflectors (Fig. 26), or arranged in a
V-shape to trap spawning gravels; single rocks and groups usually
cause scour downstream and roughen the water surface in their wakes,
both of which provide cover and feeding zones; clusters form more
diverse habitat; control thalweg as deflectors (Fig. 26). Due to a
lack of large local rock, V-shaped gravel trapping structures
constructed of rock are not recommended. The scour/ deposition
pattern around single boulders and clusters depends on their position
with respect other boulders and the streambanks.

Applications. --place 10 or so on an irregular line at center line of
curves, with one rock spacing between, to stabilize on erosion of
outside bank (Fig. 27); place groups of 3-5 downstream of tailout
below dropstructures (Fig. 22); place larger boulders in Ponds Nos. 1
and 8, in groups of 3 to provide habitat and to move sediment through
the pond; and maintain thalweg where it crosses from the outside of
one bend to the outside of the next bend (Fig. 26).

Characteristics .--for single boulders (or clusters) use those with
minimum dimension of 2-3 ft.; do not block more than 20% of the
channel width at any transect; keep deflectors low and sloping down
towards the channel, and pointed downstream at 30" angle from shore;
build up deflectors of 1- to 2-foot rock with larger materials on
upstream side and along toe; and do not place boulders or clusters any
closer to an erodible shore than two times the width of the single
boulder or cluster (unless you want the shore to be eroded). Do not
place boulders on the inside of a bend where they will be buried.

2.2: Drop Structures.--same as Feature 1.2.
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Abandoned Channel-

Backwater Rearing Area

Structures

MEANDER

Abandoned Channel-

Fig. 23. Backwater Rearing Areas Upstream of Meander Junctions with Abandoned
River Channel.



Fig. 24. Single, six-foot boulder in St. Regis River, Mon-
tana. Flow from right to left.

Fig. 25. Cluster of three boulders in St. Regis River,
Montana. Flow is from left to right.
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Deflectors 12-15'long,
1-2' Rock in triangular
cross-section at maximu
30" angle to shore.

Pond
No. 1

MEANDER

Pond

DOWNSTREAM
MEANDER

Fig. 26. Deflector rock groups to create pools for rearing and to deflect
flow to the opposite bank.



DOWNSTREAM
MEANDER

Fig. 27. Two- to three-foot boulders in staggered alignment near centerlines
of meander bends to stabilize the channel, and provide diversity
and rearing habitat. Note spaces for deflected flow (use with
Fig. 26).
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2.3:

2.4:

3.1:

3.2:

3.3:

Deflectors. --can be made of larger rocks and or logs, and the same as
described in 2.1 as Boulder Deflectors.

Backwater Areas. --same as Feature 1.5.

Category 3: Accelerating Features

Placing Spawning Gravels

By including a gravel sorting and mixing operation in the project,
ideal spawning gravels (18-in. deep) could be placed in the 1% and
1.5% reaches of the meanders. Otherwise, it may take several years or
more (depending on the amount of flooding) for enough sorting to take
place to provide the required depth and size distribution.

Bank Shaping and Re-vegetation

Bank shaping is accomplished under the hydraulic design
with gradual (2H:1V) side slopes, flat floodplains and
the embankments. Re-vegetation with willows buried
materials, earth and native grasses will be a matter of
flood seasons will cause a dramatic change in the c
riparian zone.

Overhanging Shore Cover

of the channel
2:1 slopes on
under the bank
choice. A few
haracter of the

Logs anchored into the bank to form overhanging cover has been used
successfully in dredged areas (Boland, 1984). A log deck, or filter
fabric over log supports, can be used to cover the overhang, and
sediment or grass clumps placed on top will encourage riparian
vegetation.

In this project, riparian vegetation is being installed, and
encouraged by building lower than usual flood plains. Also, cover is
being provided behind builders and deflectors, under drop structures
and in pools, as well as in the backwater rearing areas among aquatic
vegetation and beneath woody debris. therefore, overhanging log bank
structures are probably not needed for this project.
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IX. RECOMMENDATIONS AND CONCLUSIONS

During the course of the project, as more information became available,

several changes in habitat enhancement strategies were considered:

(1) Do not build the meanders;

(2) Build the meanders as designed under the constraints of matching

them to existing ponds and swales, and avoiding the west side of

the valley where the road is located;

(3) Instead of building the meanders, construct a flood plain on the

left bank, and install a new suite of habitat improvement

structures in the existing channel; and

(4) build an irregular, more "natural," rough channel with a wide flood

plain upstream of the project site and upstream of the lake just

north of Orogrande.

The main risk involved in each of the alternatives except number (3)

(fixing the existing channel) is the potential loss of the stream flow by

seepage through the banks and bed of the new channel. Over time the seepage

would become clogged. To save this time, gravel and sand can be stockpiled,

and placed in observed seepage areas when water is initially diverted into

the new meander channel.
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If spawning and rearing habitat for salmonids is to be improved soon in

Crooked River in the project reach, obviously alternative (1) (Do Nothing)

has to be dropped.

The second alternative (two meanders north of the airfield) is the

recommended design for this project. The habitat improvement features, and

hydraulic control structures will provide instant habitat. Also, over time,

the lower-than-usual flood plains will accumulate silt, vegetation, and

woody debris! The vegetation will stabilize the banks and encroach on the

channel, causing it to be deeper and narrower than the initial channel.

In addition, the abandoned sections of existing stream channel will provide

excellent rearing areas which would not be available using the existing

channel in option number (3).

The fourth alternative was discussed with representatives of the Forest

Service and the Idaho Department of Fish and Game on March 15. The main

difficulties of merely cutting a random channel through the dredged spoils,

without using hydraulic design considerations and habitat structures are:

(1) The channel will be very unstable from year to year, and

continually adjusting;

(2) The amounts and types of habitat will change from one high flow

season to the next;

(3) There will be little opportunity for riparian habitat to develop

unless it would be in small, transitional areas: and
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(4) The initial amount of good habitat available would be relatively

small compared to the two meanders north of the airport at the

proposed site.

There is no way to balance or equate the development of readily

available habitat to the amount of yardage (cut and fill) moved in

excavating a channel through piles of gold-dredge spoils. The tools which

are available are the site conditions (plan and profile), how the channel

pattern and cross-section looked prior to dredging, and the basic principles

of hydrology, hydraulics and river mechanics. All of these factors have to

be matched to the needs of the species in question to develop "a design" for

each site in question. Examination of several sites could lead to the

development of more direct methods for developing meander restoration

channel designs at other dredge-impacted sites.

This is why the project team from WSU supports either Option 2 of

building the meanders, or Option 3 of improving the existing channel with a

flood plain and a suite of new habitat structures. Excavation of the

one-sided flood plain for the existing stream will be less expensive than

cutting the two meander channels. Habitat improvements will be a little

more expensive in the existing channel because there will need to be more of

them on the steeper channel.

The main feature in favor of the two new meanders is the fact that the

channels will recover to a more natural, stable, meandered state (with

excellent habitat) in a much shorter time period than the other two channel

options.
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Following is a series of conclusions resulting from the project study:

(1) The proposed meanders would increase the length of the channel,

and provide more natural meandering, but not enough length to

provide more natural increase, nor an irregular meander pattern;

(2) Routing the meander channels through existing ponds and swales

does not significantly reduce the required meander excavation

volume, but adds pool volume;

(3) The designed meander patterns cannot be increased any more in

length, by extending them to the west, because they would have to

be build on fill, and the road would be lower than the channel;

the channel would interact also with the west side surface

drainage system of channels and ponds;

(4) There is a very heterogenous ground-water/river flow system, and

constructing a new channel would increase the risk of losing the

streamflow due to seepage unless the channel was sealed; although

the existing channel has some seepage gains and losses, it does

maintain a flow even during the dry season;

.

(5) Excavating the flood plain on the left side of the existing

channel, as opposed to excavating the meander channels, would

require roughly one-half the amount of excavation of the two

meanders;
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(6) The existing channel has shade, some overhanging banks and a woody

debris supply all along the steep east bank, plus some vegetation

and a small amount of flood plain along portions of the west

bank.

(7) The meander channels would be relatively bare of streamside woody

debris, and would require some years to establish a riparian

supply (except for drift from upstream or artifically introduced

debris);

(8) Several offstream-rearing areas could be constructed in low lying

areas west of the existing channel;

(9) The plan view channel patterns are very similar between the

existing channel and the proposed meanders, especially in the

downstream reach and meander;

(10) A more irregular (natural) channel pattern cannot be developed at

this site by merely excavating a rough channel with steep side

slopes through the spoil piles and letting it adjust over time;

(11) The crucial hydraulic element in the development of a "more

natural channel" is the existence of a flood plain to handle

overflow and develop riparian habitat;
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(12) A more natural, irregularly meandering channel could be more

readily developed in the downstream reach of Crooked River near

the mouth where the 90° bends have been dredged in conjunction

with placer mining. Here the meander pattern is established,

although too frequently; also, there is significantly more rearing

and spawning habitat available. This reach would require a

relatively minor amount of effort to achieve the desired natural

meander pattern, compared to the upstream site near Orogrande and

the project site just north of the airfield.

Even though the conclusions show that the meanders are only marginally

feasible in this reach of Crooked River, the study has led to the concept of

restoring a floodplain on the existing channel which has not been previously

considered. Also, the study has generated the following information which

will be of future value to the Nez Perce Forest, and other Forests with

dredged stream valleys to restore:

(1) Site topographic information:

(2) The regional channel design procedure;

(3) The hydrologic model which can be used in similar climatic

provinces on the Forest;

(4) The method for in-depth analysis of alternatives which will provide

guidance for other habitat improvement projects; and
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(5) The planned comparison of the biological productivity in various

existing study reaches, and the two meander reaches, should be of

value in the future selection of habitat improvement methods.
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In 1927 a dam was constructed on the South Fork of the
Clearwater River at Harpster, which totally eliminated
anadromous fish runs into this important spawning and
rearing habitat. In 1935 a fish ladder was constructed at
the dam but was reportedly only minimally successful. In
1962 the dam was completely removed. By this time, however,
the anadromous runs had been eliminated from the drainage.
Additional activities in the drainage that have had impacts
on the anadromous fish habitat include mining (both dredge
mining and hydraulic mining for gold), grazing (especially
on private lands in Red River), and timber harvest and road
construction which have increased pediment loads in the
streams.

Idaho Fish and Game began a program of re-introduction of
anadromous salmonids in 1962. Hatching channels were
constructed on Red River at the Red River Ranger Station and
on Crooked River near Orogrande. These were stocked
annually with eyed eggs. Species stocked varied and
included coho salmon, chinnook salmon and steelhead. The
Crooked River channel was abandoned several years ago when
the lease on private land terminated; however, the Red River
Channel has continued in operation. Most of the recent use
(1978-1983) has been with steelhead. In 1977 Idaho Fish and
Game constructed a rearing pond at Red River which is used
to rear 200,000-300,000 spring chinook salmon annually. The
pond is stocked with fry in the spring. After rearing in
the pond over the summer, a portion are marked and all are
released into Red River at the pond site.

The U.S.F.S. began a program of active habitat improvement
in the Red River, Crooked River, and Newsome Creek drainage
systems in 1980. These are continuing on an annual basis
utilizing Forest Service funding. Since the B.P.A. project
proposal has been approved, the Red River District has
directed its emphasis to the South Fork of Red River, and
the Elk City District has concentrated on Newsome Creek.
These projects will complement the B.P.A. work being carried
out in Red River and Crooked River. The 1984 U.S.F.S.
contribution to the rehabilitation of the South Fork
Clearwater system was $41,000 (this includes $21,000 direct
habitat improvement work and $20,000 for erosion control and
rehabilitation of an old hydraulic mining operation).
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DESCRIPTION OF PROJECT AREAS: The projects are on the Red
River and Elk City Ranger Districts of the Nezperce National
Forest (Figures 1 & 2).

The Red River project area consists of approximately 19
miles of stream with 50% on U.S.F.S. land and 50% on private
land. Stream reaches involved include both meandering
meadow reaches and timbered valley bottoms. Fish habitat
problems are the result of overgrazing and previous dredge
mining for gold. The Crooked River project area covers 10
miles of stream with more than 90% on U.S.F.S. land. Fish
habitat problems are associated with past dredge mining
activities for gold which channelized the stream channel and
eliminated the riparian meadow.
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FIGURE 1

Red River Fish Habitat Improvement Project
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FIGURE 2

Crooked River Fish Habitat Improvement Project



METHODS

Because of the scope of these projects, and multiple land
ownership pattern, it was necessary to develop a systematic
approach for evaluation, design and execution of the
projects. The first step was to separate the streams into
reaches with similar characteristics. On Crooked River each
reach was considered a project segment while on Red River
each reach was separated into individual project segments
based on ownership.

After stream reaches have been identified, each reach is
evaluated for fish habitat problems and potential habitat
improvement projects. The resulting project proposals
undergo continuing review and revision until a final project
design is selected.

Methods used in 1983 and 1984 were standard fish habitat
improvement projects including log weirs, deflectors, bank
overhangs, bank stabilization structures, riparian fencing,
boulder placement and riparian vegetation planting.

Descriptions of the problems identified and various
treatments of the problems follow.

Beneficial fish habitat features related to streambank
stability include undercut banks and overhanging vegetation
(cover). Adverse effects from lack of stability include
excessive bank erosion leading to sedimentation, widening of
the stream channel, and shallower streams.

The following illustrate range of bank stability problems
encountered, and treatments carried out on Red River and
Crooked River during 1984.
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Project
Segment

I-A

I-B

I-C

I-D

I-E

I-F
Subtotal

II

III-A

III-B

III-C
Subtotal :

IV

V-A

V-B

V-C

V-D

V-E
Subtotal :

TABLE 1

B.P.A./F.S. RED RIVER FISH HABITAT IMPROVEMENT PROJECT

Stream
Length

3600’

5100’

6000’

3600’

2100'

9300'
5.6 Miles

5.5 Miles

2000'

4300’

3300’
1.8 Miles

2.0 Miles

2600’

7200’

4000’

5400’

1000’
3.8 Miles

Ownership

U.S.F.S.

Private

Private

Private

U.S.F.S.

Private

U.S.F.S.

U.S.F.S.

Private

Private

U.S.F.S.

Private

Private

Private

Private

U.S.F.S.

Improvement
Opportunity

Low

Low

High

Low

Low

Low-Medium

Medium

Medium

Low-Medium

High

Medium-Hig

High

High

High

Medium

High

h

TOTAL: 18.7 Miles
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Project
Segment

I

II

III

IV

V

VI

TABLE 2

CROOKED RIVER SCHEDULE

ACTIVITY

Survey

****

Plan

****

Instream
Structures

84-85

Bank
Shaping

****

Riparian
Revegetation

84-85

85 87 88 88 89

**** 85 86 86 87

**** 85 86 86 87

**** 85 86 86 87

86 86 87 87 88

**** Completed.



Example I - Red River

Description -   This was a 3’-5’ vertical, eroding streambank,  
It was a constant, source of sediment which adversely
affected otherwise good spawning and rearing habitat located
in this stream reach, Due to its over- -steepened nature it
was not stabilizing and revegetating naturally.

Treatment - This site was treated by the crew using hand
tools. Logs were placed at the toe of the slope and
backfilled by hand with streambed rock, The bank was then
cut back and shaped, seeded, fertilized, mulched and planted
with willow cuttings,

Expected-Benefits - The treatment will reduce sedimentation,
improve bank stability and increase coyer from the Logs and
vegetation, This should improve both spawning and rearing
in the immediate vicinity.
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Problem #3 - Water Depths During Low Flow

There are reaches in both Red River, and to a greater extent
Crooked River where water depths is less than optimum for
both adult and juvenile salmonids. Many times water
velocity in the shallow reaches is too fast to be used
extensively.

Our main approach in these sites is to build weirs, either
with logs or boulders; and deflectors, primarily of rock.
The design of these varies with the conditions at each site.

The following examples demonstrate most of the techniques
used in the project this year.
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EXAMPLE 2 - CROOKED RIVER

Description - A Hewitt Ramp was used in the same type of
sites as other log weirs.

Treatment - The Hewitt ramp is a modified log weir. 2” x 12”
x 8’ planks replace the wire mesh and filter cloth. The
main log is keyed into each bank as with the previously
described log weir. A second log is buried 1’ - 1 1/2’
deeper about 5’ upstream from the main log. 2” x 12” x 8’
planks are then nailed to the two logs the entire width of
the stream. The structure is then backfilled with streambed
material.

Expected Benefits - The benefits are the same as with log
wiers.
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PROBLEM #4 - FISH PASSAGE BARRIER

Description - An existing culvert on Crooked River was
blocking access to approximately 4,500 square yards of
useable steelhead spawning gravel.

Treatment - The site was surveyed and a bridge was designed
using U.S.F.S. funds. BPA funding was used to remove the
culvert and construct a bridge during 1984.

Expected Benefits - Access for spawning steelhead was
provided to an additional 4,500 square yards of useable
spawning gravel. Potential increase smolt production for
Crooked River is 18,690 annually.

PAGE 25



E

PA



DISCUSSION

Monitoring Needs - In some instances, several different
levels of treatment were used on a given problem to evaluate
the effectiveness of each. The following is a brief summary
of treatments which will be monitored by the project crew in
the future. This will supplement the long term population
monitoring being carried out by I.D.F.G. The primary
objective of this monitoring is to evaluate effectiveness of
the structures in creating the habitat features they were
designed for, not to determine overall fish population
trends.

1. Bank stability treatments in meadows. Three levels of
treatment were carried out.
a. Minimum treatment consisted of fencing, planting
unrooted willow cuttings, and seeding.

b. Moderate level of treatment included placement of
boulders at selected points along an eroding bank with
seeding and planting of unrooted cuttings inbetween.
The whole area was then fenced.

c. The most intense treatment involved placing a
continuous row of boulders at the toe of an eroding bank
then backfilling behind the boulders with streambed
rock. The eroding upper bank was then pulled down with
a backhoe and shaped by hand. The whole area was then
seeded, fertilized, mulched, and containerized shrubs
were planted.

2. Boulder placements. Boulders were used in several
different habitat and configurations. Project personnel
will sample these sites either by electro-fishing or
snorkeling to evaluate gross differences in use. Sites
to be evaluated include mid-channel placement vs.
streambank placement; riffle placement vs. deep run
placement; individual boulders vs. clusters.
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3 0 Log Weirs. The following minor modification to the
basic design were tried and will be evaluated in the
future.

a. Log with wire mesh and filter cloth upstream;

b. Log with 2” x 12” planking upstream;

c. Log with no upstream materials

d. Logs installed with mud sills and wire mesh upstream
and rock filled cribs on the end (earlier Forest Service
project).

These variations will be monitored for differences in
stability and maintenance requirements. They will also be
sampled for any gross difference in fish use. The tailouts
of pools created during construction will be monitored for
collection of suitable spawning gravels.

4. Deflectors constructed from streambed material.
The primary need here is to monitor for long term
stability of the structures and occurrence of
spawning gravels made available during
construction. Chinook salmon redds were observed
at some of these sites the year the deflectors were
constructed. We will evaluate whether the gravel
stays in place or is flushed out during the next
spring runoff season.

5 . Logs and trees placed for cover. Several
variations were used and need to be evaluated for
both fish use and longevity. These include: tops
in water vs.
20° - 45°

trunk in water; parallel to flow vs.
into stream; cabled to bank vs. not

cabled in place; placement in pools below log weirs
vs. placement in pools above log weirs; and
placement perpendicular to the stream vs. angled
downstream.

6. Riparian revegetation. Survival of containerized
shrubs needs to be compared with survival of
unrooted cuttings. We will also monitor variation
in survival among species planted both cuttings and
containerized stock. Variation in success of
seeding on different sites will be monitored.

7. Off channel rearing. The pond connected to Crooked
River this year will be evaluated visually or by
snorkeling to determine if it is receiving use by
juvenile salmonids. Existing off channel ponds
will be sampled either by snorkeling or electro
fishing to determine use.
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ther Activities Carried Out During 1984

1. Fish Habitat Surveys. Surveys were carried out for
Reaches I, II, III, IV and V in Crooked River and
reaches II, III-C, V-A, V-B in Red River. The
survey information is summarized in Appendix 1.
This information is essential in evaluating habitat
improvement needs. At this time the habitat
components we are emphasizing are pools, deep runs,
and instream cover. Other items not listed in the
summary but which we are treating include eroding
stream banks, bank vegetation and spawning gravel.

2. Spawning Site Coring. Random sampling of fine
sediment in potential spawning sites was carried
out in both project streams. The information is on
file at the Elk City District office. Percent
fines less than l/4" averaged 30% - 35% in Red
River and 23% - 35% in Crooked River. In Crooked
River the sample which rated 35% was taken in the
project area after this years work, which may have
affected that sample.

3 . Coordination - Project activities were coordinated
with IDFG, (to provide adequate control sections);
holders of unpatented mining claims (to avoid areas
currently being worked (one case)); and landowners
on Red River, (to arrange permission to carry out
surveys and plan potential projects).

4. Contract work. Work requiring heavy equipment was
carried out using equipment rental contracts on an
hourly rate basis. This gave us the most
flexibility in making on the spot modifications to
meeet site specific needs. We utilized a "fish
crew" hired by the Forest Service for all manual
labor.

A contract was developed with Washington State
University to provide hydrologic analysis and
design of a hydraulically sound artifical meander
channel. The final analysis concluded that the
channel can be built; however, the cost-benefit is
low and risk factor for losing the stream into the
gravel is high at this particular site. A final
decision will be made shortly whether to build the
channel here or to look for a more suitable site.

Technical design information provided in the
contract will be invaluable for use either in
building the new channel, or when working with the
existing channel.
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SUMMARY OF ACCOMPLISHMENTS 1984

reatment

Crooked Red River     River

Log Weirs 18
Boulder Weirs 9
Loose Rock Weirs 22
Random Boulders Placed 59
Boulder clusters 0
Anchored Debris 23
Debris jams treated 1
Off Channel Rearing 1 pond

Digger logs 0
  6,454m2   Bank stabilization

Rock & Boulder Deflectors 15

2
4
5

84
34
12
9
0

838
 23m

93
Log Deflectors
Bank Cover
Plantings

4
1

350;
1,000

0
0

1

Instream Cover
Structures maintained
Fencing

a
b containerized shrubs

willow cuttings

a
35(+,

1,320
10
7

321 m

PAGE 30



Summary of costs 1984

Cost estimates for the project are presented in three
parts. First is simply the total annual contract cost
divided by the number of structures. The second section is
actual field cost (total cost minus planning, administration
and overhead) divided by the number of structures. The
third and most specific section is a summary of specific
costs where itemized activities and costs are available.

1. Total annual cost Red River = $85,781 = $470 /structure
Total # Structures Installed 183

Total Annual Cost Crooked River = $72,889 = $475 /structure
Total # Structures Installed 153

2. Total Field Work Cost Red River
Total # Structures Installed

= $64,781                          =      $755   /structure     
183

tal Field Work Cost Crooked River = $51,889 = $340 /structure
Total # Structures Installed 153

3 l Specific Activity Costs.

Log weir construction (Crooked River) $504 each

backhoe 3.5 hrs. @ $85/hr. $297.50
boulders 4 @ $16.15 ea. 64.60
50' filter cloth 25.83
50' 2" X 2" wire mesh 41.15
plants, grass seed, fertilizer 10.00
crew time 3.5 hrs. @ $18.5O/hr. 64.75

total $503.83

Boulder weir construction (Crooked River) $300 each

backhoe 1.2 hrs. @ $85/hr.
boulders 10 @ $16.15 ea.
crew time 2 hrs. @ $18.50/hr.

$102.00
161.00
37 .00

total $300.50
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Bank stabilization (Crooked River) $7.18/m2

backhoe 2 hrs. @ $85/hr. $170.00
boulders 35 e $16.15 ea. 565.00
shrubs and grass seed 100.00
crew time 2 hrs. @ $18.5O/hr. 37.00

Log weir construction (Red River)

backhoe 5 hrs. @ $35/hr.
crew 5 hrs. @ 18.50/hr.
30' filter cloth
30' 2" X 2" wire mesh

Rock wier construction (Red River)

backhoe 2 hrs. @ $35/hr.
crew 1 person hr. e $6/hr

Digger logs with cover (Red River)

backhoe 2 hrs. @ $35/M.
crew 2 person hrs. @ $6/hr.

total $872.25

 $308   each

$175.OO
92.50
15.50
24.69

total $307.69

$58.50 each

$52.50
6.00

total $58.50

$82 each

$70.00
12.00

Bank stabilization (Red River)

backhoe 8 hrs. @ $35/hr.
boulders 322 e $16.15 ea.
shrubs, seed, fertilizer

total $82.00

$16.30/m2

$280.00
5,200.00

100.00
crew 12.7 crew hrs. @ $18.50/hr. 235.00
crane 16 hrs. @ $68/hr. 1,088.00

total $6,903.00

Structure maintenance (Red River) $30/structure

Crew - 5 person hours/structure 0 $6/hr.= $30 each
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Stream Name

CROOKED RIVER
CROOKED RIVER
CROOKED RIVER

CROOKED RIVER
CROOKED RIVER
CROOKED RIVER
CROOKED RIVER
CROOKED RIVER

RED RIVER
RED RIVER
RED RIVER
RED RIVER
RED RIVER
RED RIVER
RED RIVER
RED RIVER
RED RIVER

APPENDIX I

FISH HABITAT SURVEYS - 1984

I
I
I

II
II
III
IV
V

II
II
II
II
II
II
III
V
V

.

A
B

A&B

A
B

2 79 19
8 72 17

42 45 6

10 50 40
5 78 17

16 39 45
51 18 31
22 17 36

A 16 10 10
B 16 24 23
C 23 26 21
D 17 23 37
E 21 14 60
F 8 14 75
C 18 41 41
A 2 29 69
B 42 17 41

33

0  1.5 .50
3 2 .50
7 3 .25

0
0
0
0
25

2
1

12
0
1

64 3
37 13
39 13
23 14
5 20
3 15
0 1
0 10
0 8

.50

.50
100
.50
.50

75
50
75
50
50
50
50
50
50

From 5 Mi.Creek to Airstri
Along Crooked R. Airstrip
After 1984 Project from
5 Mi.Creek through Airstrip
New Bridge to Relief Creek
Private land to Narrows
From Pond to Meanders
Meanders
From Meanders to Mouth
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ABSTRACT

NEPA compliance caused considerable de lay in initiating this project

in 1984. Barrier removal to be completed in 1984 by the Boise National For-

est on Dollar and Six-bit Creeks was postponed. Barrier removal to be com-

pleted on Johnson Creek in 1984 was greatly delayed, and the work crew was

not able to start the project until October 15, 1984. Unusually cold and

stormy weather caused ice to build up on the stream banks and made access

to the migration barriers extremely difficult. As a result of the late

starting date and the cold weather, it was not possible to complete the

barrier removal work on Johnson Creek. A major portion of the work was com-

pleted on Johnson Creek in 1984, and the project is expected to be completed

September 1985. Summer chinook fingerlings will be stocked in the high qual-

ity habitat above the barrier in Upper Johnson Creek in the summer of 1985.

The Boise National Forest developed plans in 1984 for the barrier removal

work to be done in 1985. This annual report provides a summary of the pro-

gress achieved in 1984. A completion report will be issued at the end of

1985.

INTRODUCTION

Fish migration barriers formed by rock and natural debris are blocking

access for adult salmon and steelhead to significant quantities of high

quality spawning and rearing habitat in tributaries of the South Fork of

the Salmon River. Much of this habitat supported large numbers of summer

chinook salmon and summer steelhead as recent as the 1930's and the 1940's.

Selective removal of rock and woody debris at many of these barriers

would allow adult salmon and steelhead to pass upstream to utilize these

important natural production areas.



Idaho Department of Fish and Game entered into an agreement with Bon-

neville Power Administration to remove selectedmigration barriers in the

South Fork Salmon River Drainage in 1984, and arranged to contract portions

of the project to the Boise National Forest and to Jack G. Fisher, Consult-

ing Fishery Engineer.

Mr. Fisher's report is included to illustrate the progress achieved

on Johnson Creek in 1984.
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Background

Several partial or complete blocks to upstream migrating anad-
romous fish were previously identified by Idaho Fish and Game. Department
personnel prior to commencement of this project. Some detailed study
had been made to determine the extent of the barriers and at what flows
they presented a block to upstream migration.

These barriers were caused by natural rock slides and consisted
of large boulders that had fallen into the stream and in most cases keyed
together. Most of the rock in these barriers is relatively young with
respect to water erosion and did not show the rounding effect that older
water-eroded stones and boulders show in the lower reaches of the drainage.

For purposes of clarity in this report the designated barriers
have been numbered 1 through 4, with barrier 1 being located about 15
miles above Yellowpine along the road and barriers 2, 3 and 4 (number-
ing upstream) located in the canyon about 18 miles above Yellowpine and
within the first l/4 mile below the confluence of Trout Creek and Johnson
Creek.

Methodology

Selective drilling and blasting of individual rocks to create
lower overpours, jumping pools and escape avenues above the falls was
the means selected to alleviate the problems caused by the rock falls.
Two Pionjar Model 120 drills were used on this project. Integral bit-type
drill steel in 2-, 4-, and 6-foot lengths was employed. Although none
of the rocks to be removed required holes to be drilled in excess of 4
feet, the location of some of the holes rquired the use of 6-foot steel to
obtain a 4-foot hole. The blasting agent was 40% strength dynamite in
l-inch-diameter sticks. Detonators were electric and were used in delay
with the maximum delay being 5 milliseconds. The crew consisted of
two drillers, one powderman/foreman and an engineer.

All dynamite and caps, with the exception of the amount used
daily, was stored in a locked power magazine located two miles from the
closest work site.

Access to barriers 2, 3 and 4 from the road was down a ridge
to the creek. Distance was about 1/2 mile with an elevation difference
of about 600 feet. Without packs the normal transition time for accessing
the site was about 20 minutes down and 35 minutes up. This of course
depended on the snow cover and the amount of frozen ground that had
to be traversed. Barrier 3 required wading Johnson Creek to get to
the work site. Access to barrier 1 was relatively easy as the work site
was within 150 feet of the road, and only a lo-foot-high bank separated
the bed of the stream from the roadway.

-2-



chro
Following is a description of work done at each barrier in the

nological order that work was performed.

Barrier 2

Drilling equipment was packed into the site on the afternoon
of Monday, October 15, 1984. Site reconnaissance of all barriers was
made that day. Actual work commenced on October 16. Barrier 2 con-
sisted of a large rock fall that created an island at low flow with approxi-
mately 50% 0f the flow on each side of the rock rubble island. Falls from
this area were about 8 feet in height with inadequate jumping pools on
either bank. It was determined that the removal of one large rock on
the left bank upper falls and removal of a rock at the base of the over-
pour would lower the water level above the falls, thereby putting the
majority of the water over the new falls on the left bank. The first
shot consisted of twelve 2- to 4-foot holes and effectively lowered the
falls by 2 feet. In shooting, a large rock under the falls was dislodged
by the increased flow and this rock moved into a pool below the falls.
A second round of drilling and shooting was required to lower the upper
pool level still further and remove the rock that had fallen into the jump-
ing pool. The second shot consisted of seven 2- to 3-foot holes and
effectively cleaned up the falls and created a 2.5-foot and a 3-foot falls
with a jumping pool between where there had previously been a single
8-foot falls. Also, all of the creek flow was now on the left bank, elim-
inating a low flow condition of a split flow. This correction also negated
the attraction flow on the right bank where there had been an 8-foot
falls over a very large boulder.

This barrier is at the base of a large rock slide that shows
indication of recent movement either from earth tremors or frost heave.
Since this is an active slide area, the falls will require continued sur-
veillance prior to upstream salmon migration to assure that the barrier
area remains free of partial or total blocks to upstream migration.

Barrier 3

Barrier 3 was located about 150 yards upstream of barrier 2,
but direct access to the site with the drillin g equipment was not possible
by walking along the creek due to rough terrain. Therefore, all of the
equipment was packed back to the road and then back into the canyon
to a point where it was possible to wade the creek. On October 17 all
equipment was transferred to barrier site 3 and drilling commenced.
This barrier was not unlike barrier 2 in that the stream was split and
there were two falls. The falls were each about 7 feet high with the
major portion on the left bank. It was determined that the right bank
falls provided the best opportunity for correction, and the major effort
was concentrated here. One very large round boulder had wedged in
the right bank channel, and this rock, along with a ledge rock on the
right bank, was removed in the first blast. Forty-four holes were drilled
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from 2 to 4 feet deep for the first shot. The first shot was made in
the afternoon of October 18. After the shot was made, it was deter-
mined that some fragments of the ledge and the large key boulder were
still too large to assure movement by high water; therefore, a second
round of 10 shots was made to further correct the new channel. This
second shot effectively broke up the large rock so that high water will
move the small rock out of the new channel. Terry Holubetz then re-
quested that some correction be made on the left bank falls to provide
an escapement pool above this falls. This correction was made on Octo-
ber 19. With the cleaning of the right bank falls area of shot rock by
high water next spring, it is anticipated that the right bank will provide
a series of small cataracts and pools that will pass adult fish. The left
bank falls was lowered only about 1 foot in height but provided a pool
at the top of the falls. The area immediately above the falls has about
a  36% grade so further correction would not be prudent unless the large
pool below the falls is raised; this is virtually impossible given economic
as well as geologic and topographic constraints. Equipment was moved
out of the canyon during the afternoon of October 19.

Barrier 4

This barrier, as was pointed out from a distance during the
preliminary walk-through, was determined not to be a barrier at the flow
observed and is probably not a migration barrier at any flow when con-
sidered with the entire cataract area. The location of this barrier was
just below the confluence with Trout Creek. Grant Christensen agreed
with this assessment. There is a distinct possibility that whatever rock
or rocks that had constituted the barrier during the early investigations
had moved so that the barrier no longer existed. Correction in this
40% cataract would be difficult at best. The entire cataract consists of
large boulders, and they appear to be well keyed in the riverbed matrix.

However, immediately below the original barrier location is a
falls approximately 6 feet in height that should be corrected. No attempt
was made to correct this falls as it will require bridge, boat or wetsuit
operations to get a crew into the area. Due to an extreme amount of
ice on the rocks at the time this project was under way, only a cursory
attempt was made to access this falls. Terry Holubetz advised that he
did not feel that this barrier was a total block as there is an excellent
jumping pool below the falls and an adequate escape pool above the falls.
If at some future date it is decided to correct this falls, it should be
done in late August or early September to alleviate the ice and cold con-
ditions that existed while this project was under way. Access will be
by temporary bridge across the stream or by boat or by personnel in
wetsuits. Equipment will probably have to be lowered to the falls from
a cliff on the left bank unless a bridge is constructed.
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Barrier 1

This barrier consisted of two falls about 4 feet in height with
no jumping pool in between. It was caused by large rounded boulders
being wedged together and creating thin overpours over the boulders.
The stream was spread out over several falls with none providing adequate
water for fish transportation. The correction desired was to concentrate
some of the flow and provide a resting area and jumping pool between
the falls on the left bank. Drilling started in late afternoon of October 19,
and one blast consisting of 6 holes in two small boulders was made that
day. On October 20 the remaining boulders were blasted out in two shots
of 4 holes each. This resulted in approximately one-half of the river
flow being concentrated in the area of the blasts with the falls being
reduced to two 2-foot falls with an adequate jumping pool between them.

Because this part of the project was located near the road,
before each blast a truck and driver were placed to block the road about
l/4 mile above and below the work area to preclude any accidents to
people or vehicles using the road.

All equipment was packed up and removed from the job site
on the afternoon of October 20. This completed the project work to be
done this year.

Weather

Weather during the period that the project work was done was
mostly cold, cloudy and windy, with some intermittent periods of snow
and occasional sunshine. The sun rarely reached the work sites in the
canyon. Access to the canyon sites was usually difficult in the early
morning due to the steep terrain and frozen ground and/or snow cover.
There was no trail and little brush to provide hand holds. After a snow-
fall, footing was even more treacherous. No accidents occurred either
in accessing the sites or doing the work.

On the second morning (October 16) the overnight low tempera-
ture was 17° F, and the boulders in the creek had ice over them, making
working on them very precarious. The ice remained on the boulders
throughout the time project work continued. The low temperatures also
caused a decrease in flow in the creek, and the ice on the boulders and
in the stream created some small changes in flow patterns.

Low temperature recorded during the time the work was under
way was 14 ° F and the high temperature recorded was 42° F. On four
of the five days spent on the project, the temperature never rose above
freezing. Snow fell during two days of project work.
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Summary and Conclusions

The project went much as planned and with the exception of
some weather problems, the work progressed well. The contractor pro-
vided good equipment in adequate quantities, complete with spare parts.
The contractor’s crew was well organized and accomplished the work in
a professional, competent way and conducted all operations in a safe,
efficient and cost-effective manner.

Future projects like this should give serious consideration to
performing the work during the late summer months rather than in freezing
conditions. Although there were no accidents, the ice and snow contrib-
uted to some delay in accessing sites as well as conducting the actual
work. A better time for doing future work like this and especially in
mountainous areas would be prior to October 1. In this way flows will
be low, but ice and snow would not be a problem.

Finally, it appears that barriers 1, 2 and 3 have been corrected
to allow for upstream migration of anadromous fish. Barrier 4 should
be reinvestigated at the first opportunity. Barriers 1, 2 and 3 should
be monitored as soon as possible after spring runoff to determine if the
rock fragments moved out as planned and the escapement paths remain
open. Further correction may be required if this removal of rock allows
other boulders to move during high flows. Past experience indicates
that minor falls corrections such as those done on Johnson Creek usually
require some minor work the second year to complete the correction de-
sired. Since the area that was included in this project has some active
slides and a relatively unstable stream bed, the inspection following this
year’s project is even more critical.
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ANNUAL REPORT: Project Number 83-415, Alturas Lake Habitat Improvement

Abstract

The first year of a two year study to determine the feasibility of
augmenting stream flows in Alturas Lake Creek, during the summer and
fall when natural flows are insufficient to meet irrigation demands
and fishery needs, has been completed. All aspects of the feasibility
study, including legal, biological, engineering, hydrologic and economic
aspects, have been initiated.‘ To date, no aspect of the feasibility
study has eliminated either of two identified alternatives: dam con-
struction to provide storage capacity for fishery releases, and water
right acquisition. The methods employed in the feasibility study and
results of the investigations to date are detailed.

Introduction

An outstanding opportunity exists to enhance natural production of
spring chinook salmon and reestablish sockeye salmon production in
the Alturas Lake basin of the upper Salmon River. Diversion of flow
from Alturas Lake Creek (ALC) for irrigation purposes annually dewaters
the stream, reducing chinook salmon spawning and rearing habitat availa-
bility and eliminating sockeye salmon production potential. Two approaches
have been suggested to resolve this conflict between irrigation demands and
fishery needs. The first is construction of an outlet control structure
on Alturas Lake to store spring runoff for release into ALC in late
summer and early fall to accomodate upstream migrating and spawning
chinook and sockeye salmon. The second approach is to acquire all or
part of the water rights held on ALC for instream use by the fish, The
first phase of this project, initiated April 1, 1983, is designed to
evaluate the feasibility of implementing these alternatives, including
development of cost and benefit information.

Study Area

Alturas Lake Creek drains 66 square miles of forested slopes of the
Sawtooth and Smoky mountain ranges. It is a major tributary to the
Salmon River, entering at Township 7N, Range 14E, Section 20, approxi-
mately 17 miles upstream from Stanley, Idaho, Flows from this drainage
primarily originate as snow melt, beginning to increase in April from
base flow conditions to peak flows in June and then quickly recede to
near base flow conditions in August. These flows feed two morainal lakes,
Alturas (838 acres) and Perkins (50 acres).

The drainage contains some of the best spring chinook and sockeye salmon
habitat in the Salmon River basin. Unfortunately most of this habitat, some
8 miles of stream and nearly 900 acres of lakes, lies above the diversion
dam and is inaccessible to these anadromous species, The water rights
held on ALC total 37.84 cubic feet per second (cfs), date back to the
1930's, and are diverted from one point (ALC-I), Ditch capacity at ALC-1
is about 50 cfs, more than the average natural flows instream during the
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upstream migration and spawning periods of chinook and sockeye salmon.

Methods

Evaluation of the feasibility of augmenting stream flow in ALC has been
divided into eight study segments, identified as "information needs."
Applicable work tasks were then identified to meet the information need.
Information needs, and methods used to resolve the needs are detailed
below.

Legal Issues. Legal issues pertinent to flow augmentation, including water
right acquisition, were identified and submitted for legal opinion to the
U.S. Department of Agriculture, Office of the General Council and to the
Idaho Department of Water Resources. Valuation of water rights will be
determined by certified appraisal.

Instream Flow Needs. Instream flow needed to provide upstream passage, spawn-
ing, egg incubation and rearing are determined using an Instream Flow
Incremental Methodology. A memorandum of understanding has been developed
with the U.S. Fish and Wildlife Service to provide field assistance in
data collection and computer analysis of that data.

Stream Habitat Inventory. The amount and quality of chinook salmon spawning
and rearing habitat has been assessed using standard Region 4 Forest Service
inventory methodologies, in which physical habitat parameters are summarized
by 100 meter intervals. This production capability information will be used
to refine expected benefit estimates.

Lake Habitat Inventory. A contract has been awarded to the Idaho Department
of Fish and Game (IDF&G) to develop a model for estimating sockeye salmon
production in the Alturas Lake system. IDF&G is also stocking Alturas Lake
with juvenile sockeye, in anticipation that the flow conflicts will be
resolved.

Preliminary Dam Design/Cost Estimates. U.S. Forest Service engineering and
geotechnical staff will develop, from site surveys, preliminary dam designs
and cost estimates, for the outlet control structure to provide storage
capacity for fishery flows and modification, or reconstruction of the
diversion dam necessary to: 1) deliver no more water than the decreed
water right to the irrigator's ditch during the period of upstream migration,
spawning and incubation, 2) concentrate flows into a single channel rather
than dividing it between two channels, 3) provide for upstream passage
at the diversion structure itself, and 4) screen downstream migrating
juveniles from the irrigation system.

Impacts Associated With Impoundment. If a dam is constructed on the outlet
of Alturas Lake to store water and regulate outflow from the lake there
would be certain environmental costs. The effects of elevating the lake
level on the lake shore and its associated values (e.g. beaches, developed
recreation sites, timber, soils, visuals, cultural resources, etc.) will be
assessed by an Interdisciplinary Team assembled by the Forest Service.

Hydrologic Relationships. U.S. Forest Service hydrological staff, from the
Intermountain Regional Office, have provided assistance in study design, data
collection and analysis to determine the hydrologic relationships between
the primary inlet to Alturas Lake, the outlet stream and delivery to the
point of diversion. Permanent gaging stations have been established at
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Impacts Associated with Impoundment. Primary concerns with the storage
alternative involve the impacts which the project could have on popular
recreational facilities adjacent to Alturas Lake. To better define the
extent of potential impacts, elevational surveys were completed at all
recreational facilities that may be affected. Those surveys identified
two possible areas of impact; a boat launching facility in the Smoky
Bear Campground and the Inlet Beach picnic area. Topographic maps are
being developed for the inlet area to help in the assessment of the
magnitude, and mitigatability, of the impacts associated with impoundment.

Hydrologic Relationships. Staff gage/stage relationships have been developed
for the three permanent gaging stations. Those relationships will continue
to be refined as more information is collected at each site. Water production
and evaporation estimates indicate that the flows necessary to provide
the desired storage capacity are available every year (i.e. water storage
requirements, represent only a small portion of spring runoff flows).

Maintenance Responsibility for Structural Improvements. The Forest Service
(FS) has met with representatives of the Idaho Department of Fish and Game
(IDF&G) and the National Marine Fisheries Service (NMFS) to discuss
maintenance responsibility for any structural improvements (e.g. dam, fish
screen, fishway) associated with resolving the instream flow conflicts on
ALC. NMFS felt they would probably be able to fund maintenance of an ALC-1
fishscreen. IDF&G expressed the possibility that they may be able to
accept maintenance responsibility for a dam, as part of the function of the
Sawtooth Hatchery being built near Stanley. The F.S. expressed the possibility
that they may be able to assist in light maintenance and operation of the
dam by using campground patrol personnel that are at the site daily. Main-
tenance responsibility will be firmed up at the time of alternative selec-
tion.

Summary and Conclusions
The feasibility of augmenting stream flows in Alturas Lake Creek to enhance
natural production of chinook salmon and re-establish sockeye salmon in
Alturas Lake is being evaluated in a two year study. The report presents
the results of the first year of that study. Legal, biological, engineering,
hydrologic, and economic feasibility analyses have been initiated to
determine the costs and expected benefits of two alternatives to resolve a
conflict between irrigation diversion and fishery needs. The two alternatives
being considered are: 1) construction of an outlet control structure on 
Alturas Lake to store spring runoff for release into the stream necessary to
accomodate upstream migrating and spawning chinook and sockeye salmon and 2)
to acquire all or part of the water rights held on Alturas Lake Creek for
instream use by the fish. Results of the feasibility study-to date have
not eliminated either of these alternatives. It is likely that the value of
the results of the feasibility work will be to suggest which alternative
is most attractive from a cost/benefit view, or environmental soundness
perspective.



three locations in the ALC system. Other aspects of the hydrologic
cycle (e.g. quantity of water produced in the watershed, amount of
evaporation from Alturas Lake) have also been defined using standard
methodologies.

Maintenance Responsibility for Structural Improvements. Maintenance
responsibility for any structural improvements built as a result of this
project will be negotiated among the Forest Service, Idaho Department of
Fish and Game, the National Marine Fishery Service, and Bonneville Power
Administration.

Results/Discussion 

Significant progress for the first year of the feasibility study phase of
the project is summarized by information need below.

Legal Issues. Legal issues pertinent to instream uses of water, water
developments, and water right acquisition have been addressed. No legal
issues were surfaced which would preclude implementation of either of the
identified alternatives. A contract has also been developed, and will be
awarded in the near future, to have a certified appraiser familiar with water
right evaluation, appraise the value of Alturas Lake Creek water rights.

Instream Flow Needs. Instream Flow Incremental Methodology techniques have
been employed to define stream flows necessary to meet various levels
of upstream migration, spawning, incubation and rearing criteria. Results
of these studies suggest that either of the identified alternatives
would provide sufficient flows instream to effectively mitigate the impacts
of ALC-1 on anadromous fish production capability.

Stream Habitat Inventory.

Habitat inventory data suggest that in the Alturas Lake system rearing
habitat is the factor limiting chinook salmon production. More than
80 per cent of the suitable rearing habitat lies above the diversion, and is
therefore, currently inaccessable to chinook. There is adequate spawning
habitat above the diversion to seed this rearing habitat. The increase
in production capability associated with accessing this habitat is
estimated at 120,000 to 160,000 chinook smolt/year.

Lake Habitat Inventory. Completion of a model to estimate the potential
production of sockeye salmon in the Alturas Lake drainage is anticipated
by July of this year. Preliminary estimates suggest the increase in
production capability associated with accessing this habitat to be at
least 500,000 sockeye smolt/year.

Preliminary Dam Design/Cost Estimates. Site surveys at the outlet of
Alturas Lake and at ALC-1 have been completed. Engineering staff are
currently developing a report which will present: 1) a discussion of general
dam requirements, 2) alternative dam types and associated cost estimates,
and 3) conclusion and recommendations for the dam site at the outlet and for
the diversion structure.
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Summary of Expenditures

ACTIVITY COST

Resolution of Legal Issue
Instream Flow Assessment
Stream Habitat Inventory (Chinook Production Estimate)
Lake Habitat Inventory (Sockeye Production Estimate)
Preliminary Dam Design/Cost Estimates
Impact Evaluation
Hydrologic Relationship Definition
Resolution of Maintenance Responsibilities
Water Right Appraisal
Administrative Costs

$ 500
$3,500 
$6,500
$3,000
$1,000
$1,000             
$ 500
$2,500

Contract Not Let
$1,500

$20,000
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